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enaymio degradation  o f m o le io  a c id s , in  a l l  b io lo g ic a l syatoms 
in  which t h i s  phenomenon has been so f d r  dem onstrated, oommenoes vdth 
cleavage of th e  phosphoric e s te r  lin k ag e  by means of which ad jacen t nucleo­
t id e s  a re  jo in e d  to  each ; e th e r  In  th e  po lynucleo tide  chain  (Soiimidt, 1955)* 
k h o s t o f ©nssymes capable of c a rry in g  out t h i s  # ep  have been id e n t i f ie d  
in  l iv in g  org&misms* Many o f th è se  have been p u r if ie d  to  a p o in t where 
i t  i s  p o ss ib le  to  make d e f in i te  s ta tem en ts reg ard in g  th e i r  mode o f be­
hav iour and t h e i r  mechanism o f ac tion*  From th e se  s tu d ie s , i t  has become 
c le a r  th a t  th o se  encymoè <* to  which th e  g en eric  naiaea "nucleases" and 
"nuoXeodepolymerases" have been given ^ d isp lay  considerab le  v arie ty #  
y e t a s u f f ic ie n t  number o f p ro p e r tie s  a re  shared by a la rg e  enough number 
o f  en?*ymos to  make o la a s if io a t io n  in to  a  number of d if f e re n t  groups worth 
w h ile ,
The system most widely accep ted  was f i r s t  suggcated by Laskowski 
( 1959)» who considered  fo u r  cardihEil c r i t e r i a  as  th e  b a s is  f o r  c la s s i f ic a t io n ,  
These were
1) The n a tu re  of th e  su b s tra te  s p e c i f ic i ty ,
2) The type o f  a t ta c k  employed, by which he d is tin g u ish e d  between those
enaymoe a c tin g  se q u e n tia lly  from one end o f th e  n u c leo tid e  chain  
(exonucleases) and those a c tin g  in  a  manner th a t  i s  random w ith  re sp e c t 
to  p o s it io n  w ith in  th e  chain  ( endonucleases),
3) The p o s it io n  of th e  m onoeste rified  phosphoryl rad ica l in  th e  products 
formed *
4 ) Tlie n a tu re  o f any p referen ce  shown by th e  enzyme towards s p e c if ic
a3?
H
P
P
A
V
A
V
§
0
p
pW
A phosphate io  denoted by th e  l e t t e r  P# Mion p laced  to
th e  r i^ h t  o f  th e  im cleoeido eymbolj th e  phosphate i s  o o to rif-
ie d  a t  o f th e  r ih a s e  moiety* hhon p laced  to  th e  l e f t  o f  
th e  auoloosido sa^mbol# th e  phosphate i s  e a te r i f ie d  a t  Q,J o f 
th e  rib o ae  moiety* #he l e t t e r s  G, 0> and S! rep re se n t 
adenodinog giiaïioeino? c y to s in e , u r id in e  and thym idine re sp e c t' 
iv e ly .  Who p re f ix  d { e#g* dik ) mey be used to  in d ic a te  a  
deo.iy ribonuoleo s id e  «
N
An E xplanation  o f  th e  A bbreviations Used to  In d ic a te  th e  
S tru c tu re  o f  H uoleotidos ( Davidson, i 9 6 0  )•
ïluoléosidé phosphoxyl and th é  5* rhydroay 1 : groups o f  th e  ad jacen t
pu rine  o r pyrim idine nuclop tido  .(Schmidt, C uM les, S o lln o r, .Hooht, S trio lc lo r, 
S o ra id a rian , B era idarian  and Whannhauser, I 95I ) .  • More r e c e n tly ,  2 eneymee 
were iso la to d , from ta k a d ia s ta so  which e x liib it y e t  narrow er a p e q if ic it io e *
One w il l  hydrolyse only thoae l in k s  between th e  phosphoryl group o f 
guanOGino and ad jacen t roo lduos, w hile th e  a c tio n  o f th e  o th e r  i s  r e s t r i c t e d  
to  the, bond between th e  3^^ phosphoryl group, o f adenosine. and ad jacen t 
reeidueG (SatçmàGano and Bgami, I960)»
,E arlier statements regarding the preferential hydrolyola by pancreatic 
MAggo of the linlcage bptwoon the 5****|>ynimidine nuoleoeide phosphoryl group 
and the 3*** hydroxyl group pf the adjacent purine residue (d*^^?u*^Py) madef  Jr
by Itàçkôwski ( I 96I )  had to  bo abandoned when fu r th e r  work dem onstrated 
th a t  th i s  was no t eo; moreover, i t  became c le a r  th a t  the  p re fe ren ce  o f 
the  ensyno fo r  c e r ta in  lin k a g es  changed in  the  course o f d ig e s tio n  (Vanecko 
and Laekov/ski, 1962)*
Zh what fo llo w s, a  survey o f n u cleases w ill  be p resen ted * . More p r c  
minenOQ w ill  bo given to  those  o f animal o rig in*  In  a d d itio n  to  t h e i r  
c h a r a c te r i s t ic s  envisaged in  th e  scheme o f haskowskl ( 1959) i in fo rm ation  
on th e i r  behaviour w ith re sp e c t to  c e r ta in  io n s w ill  be g iven , s tu d ie s  on 
' t h e i r ' i n t r a c e l l u l a r  lo c a tio n  w i l l  bo summarised, the  ex is ten ce  of s p e c if ic  
in h ib i to r s  w il l  bo in d ic a te d , and cu rren t knowledge o f t h e i r  b io lo g ic a l 
fu n c tio n  v-diX bo presented* • . .
Bee F igure 1*
M,CRB,ÆTG... RIBOmCLmSB 
^ o iy r ib o n u c le o tid Q  a -o lie o n u e le o tid o tra n s fe ra e e  ( o y o l i a i n j^  SO 2 , 7 . 7 ,16
V
Although th e  presence of a heat»etahXe f a c to r  in  p a n c re a tic  e x t r a c ts  
Céipable o f degrading ïdîA had been reoognieed einoe tho  beginning  o f t h i s  
c e n tu iy , i t  was vdth  th e  In v e s tig a tio n s  o f Dubes and Thompson (193G) 
th a t  i t s  enzymic n a tu re  was co n c lu siv e ly  established# With th e  o ry s ta l^  
l i c a t io n  o f th e  enqytue by mmiohlum su lpha te  f r a c t io n a t io n  (Kunitia, 1940) i 
sy stem atic  exam ination o f th e  chem istry  o f th e  cn%yme p ro te in  and th e
V
n a tu re  o f the  c a ta ly t i c  r e a c t io n  became possib le*  The m e,terial so 
ob ta ined  had a m olecular w eight c a lc u la te d  from osm otic p re ssu re  d a ta  to  
be in  th e  reg io n  o f 15,000* F ra c tio n a tio n  o f the  c r y s ta l l i s e d  onayme 
by column chromatography rev ea led  th e  presence o f two components, c a lle d  
BMAase A mid KKAos© D (H ire , Moore and S te in , 1953)# Tlie concerted  
e f f o r t s  o f  sev e ra l la b o ra to r ie s  culm inated in  the  p re se n ta tio n  o f th e  
complete timino a c id  sequence o f bovine MIAase A (H ire , I9605 H ire ,
Moore and S te in , I9 6 0 ), w hile th e  estab lishm en t o f th e  p re c ise  s i tu a t io n  
o f d isu lp h id e  bonds in  th e  molpcule p erm itted  i t s  two-dim eiisional 
s tm o tu re  to  be v is u a l is e d  (Spaolaaah, S te in  end Moore, 1960)*
A nalysis o f sheep panoroaso lîïIAase has rev ea led  d if fe re n c e s  in  3 o f th e  
amino-*aoid re s id u e s  compared w ith th o se  of the  bovine enzyme, so th a t  
th e  i s o - e lo o t r ic  p o in t o f th e  form er i s  a t  a h ig h er pH v a lu e , b u t none 
o f th e se  d if fe re n c e s  concern re s id u e s  im p lica ted  in  th e  c a ta ly t ic  
meolmnism (A nfinson, A qviet, Ocoke and Jonsson, 1959)♦ Ho a n tig e n ic
d if fe re n c e s  between Bî'îAaee A end OTAase B could bo d e tec ted  In  e a r l i e r  
work (O inader and P earce , 1956), end more re c e n tly  i t  has been shown th a t  
th e  amino a c id  oozapoeition o f th e  two a re  id e n t ic a l ,  but th e  l a t t e r  hag 
a  carbotiydïjate m oiety co n ta in in g  glucosamine and mannoee a s so c ia te d  w ith 
p a r t  o f th e  m olecule in v o lv in g  an aoparagine^leuoino d ip ep tid e  sequence 
(Plummer and H ire , 1964)# Reporta th a t  th ese  two m ajor components o f 
c r y s ta l l in e  p an c re a tic  RHAase had d if fe re n t  s u b s tra te  s p e c i f i c i t i e s  
(Hakim, I 957&; Hakim, 1957b) have n o t been confirmed (Bekker, 196O)# 
Knovfledge o f th e  covalen t s t ru c tu re  o f RNAaso A has p erm itted  th e  
e lu c id a tio n  o f th o se  re s id u e s  e s s e n t ia l  fo r  ensymatio a c t iv i ty ,  and there# 
fo re  concerned e i th e r  in  the  c a ta ly t i c  p rocess i t s e l f ,  in  the  b ind ing  o f 
s u b s tra te , o r in  the  aain tenanoe o f  th e  c o rre c t co n fig u ra tio n  a t  th e  
a c tiv e  cen tre  ( # i t e  and A nfinson, 1959 î Scheraga cmd Rupley, 1962; 
R ichards, 1964)# The a v a ila b le  evidence s tro n g ly  suggests th e  p a r t i c i ­
p a tio n  o f h is t id in e  re s id u e s  a t  p o s it io n s  12 and 119 in  th e  o a ta ly t io  
p ro cess ; ly s in e  a t  p o s it io n  4I  and glutam ine a t  p o s it io n  11 a re  a lso  
im portant in  t h i s  p rocess though they  may no t be d i r e c t ly  involved; 
fo u r  methionyl re s id u e s , and 3 o f th e  6 ty ro s in e  re s id u e s  p a r t ic ip a te  in  
in tram o lecu la r b ind ing  e s s e n t ia l  f o r  s ia in ta in ln g  the  shape of th e  p ro te in  
in  an enzym atically  a c tiv e  form*
Mechanima o f  A ction
I t  has now been f u l ly  e s ta b lis h e d  th a t  RI^Aase ca ta ly ze s  th e  cleavage 
o f only those  in te rn u c le o tid e  bonds o f ERA invo lv ing  a 3* -pyrim idine 
nubleoside phosphoryl group and th e  5*#hydroxy group o f  th e  ad jacen t 
p u rine  o r  pyrim idine n u c leo tid e  group ( Schmidt e t  a l* , 19515 Schmidt,
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.19551 ■ àyicV i#.0lçqwski, Aïifinsen m d  M â tè , 196X)* The
ré a c tio n  I s  b iphao ic  inyoXvlng tho  IntoiTitocU^usy form ation  o f o lig o n u c leo ­
t id e s  te rm inated  by 2^, 3#^cyolio  ..pyriznidine m io leo tide  re s id u e s , and 
f r e e  C yclic pyrimidino. m p le o t id e s * , % e second a n d ,slow er, êtop invo lves 
h y d ro ly s is  o f  th e  c y c lic  d iç s ta r  a t  th e  2?^phosphoryl e s te r  lin k ag e  w ith 
form ation  of a  B l^nucleptido grOUï#^  o r f r e e  nucleo tide#  The a c tio n  o f  the 
ont^ne n o t l im ite d  to  d eg rada tion  o f i t s  .substrate* , Under ap p ro p ria te  
conditions# .reactions, Reading to  ey n th esis  o f sim ple e s te r s  o f
mononucleo,tides (Rappel find # i t f e l d #  1955) ^ d  oven o f p o ly n u c leo tid es  
(Eoppcl, W hitfeld  and l.farkhaïa);can;ho, demonstrated* ■ C yclic pyrim idine .,
, 1955  ■
nuo leo tidéô  4ire bolster p a r t ic ip a n ts  than  nuoleosidc 3f-phosphates in  th e se  
re a c t  ions# and ; th e  sy n th e s is  o f lin k ag es  i s  r e s t r i c t e d  to  th o se  which 
tho  i s  capable o f  .hydrolysing* ; .
t'forious su g gestions have been put Îoi^îùvà to  ex p la in  t h i s  rem arkable 
a b ility .o f ,a <  s in g le  enzyme,to  c a ta ly ze  a  transphosphory la^ tion  re a c tio n  
follow ed by a  liycirolysis* Those which have rece iv ed  th e  most a t te n t io n  
have,come from Rabin and h is  co lleag u es (Findlay# H erries#  Mathias# Rabin 
and Rosa# I 968& IW hias#  Rsavin and Rabin# 1964) #%d from W itzel (W itzol 
and Rasmard# 1962a# 1962b; W itzel# 1963)* According to  th e  form er 
W03?kers# whose s tu d ie s  are  la rg e ly  based upon the  h y d ro ly sis  o f c y tid in e  
2*.; 3**oyClic phosphate# one o f th e  im idazole groups o f h is t id in e  a t  th e  
a c tiv e  s i t e  o f th e  enzyme binds th e  a tta c k in g  hydroxylic  compound (w ater 
o r  an a lc o h o l) ; th e  im idazole group o f ano ther h is t id in e  re s id u e  forms 
a lîydrogen-bond w ith  the  oxygen a tta c h ed  to  o f r ib o s e , th u s  weakening 
i t s  a t t a c h e n t  to  th e  phosphorus atom and favouring  h e te ro ly t io  f is s io n #  
Two o th e r  b in d in g  s i t e s  in  th e  enzyme p ro te in  a re  p o s tu la te d  by th ese  
end-group
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( Diagrem from Witnol# I963. )
7w orkers« tho  f i r s t #  ad jacen t to  th e  f i r s t  h is t id in e  se rv e s  to  b ind  
coisipXex a lco h o ls ; th e  second# ad jacen t to  th e  o th e r  h i s t id in e  b in d s th e  
p y rid in e  group* These r e la t io n s h ip s  o re  shown in  F igure  2.
The mophsnipm proposed by T /itze l i s  q u ite  ■different# I t  i s  based 
Upon th e  requirem ent f o r  a  pyrim id ine group a t  th e  Q 3^att^olim ent o f  th e  
in te rn u c le o tid e  phosphoryl l in k  and i s  suppoi'ted by much » experim ental 
work in v o lv in g  r a t e  o f  enzyme a c tio n  upon s u b s t i tu te d  pyrim idine d e r iv a tiv e s , 
in  t h i s  scheme# which acdounts f o r  bo th  tro n sp h o sp h o ry la tio n  and 3%rdrolysis$ 
seven s ta g es  a re  described# bu t th e  esaenoe o f th e  p roposal 'com prises 
p ro to n a tio n  o f  th e  phospliçate; by tho  enzyme so th a t  i t  i s  a tta c k e d  by th e  
2^-oxygen o f  r ib o se  # o s e  p ro ton  i s  t r a n s fe r r e d  to  th e  x>yrimidajio r in g  
causing, a. s p l i t  of th e  lin k ag e  and .form ation of. the  c y c lic  i n t e r ­
mediate** In  the  nex t stage# th e  s p l i t  a lcoho l which a t  the^ end o f tlie  
p rev io u s s tçÿ e  was hydrogen-bonded tp  th e  pyrim idine base# exchanges w ith  
a  w ater molecule# A renewed p ro to n a tio n  i n i t i a t e d  by th e  enzymo enab les 
th e  a c tiv a te d  w ater m olecule to  a t ta c k  th e  phosphorus atom# w hile th e  
pyrim idine base t r a n s f e r s  th e  i)roton to  th e  2Soxygen o f ribose#  causing  
change of th e  bonds in  th e  re v e rse  d irec tio n #  le a d in g  to  form ation  o f th e  
3’-m onoester as th e  f i n ^  product* VWle n e i th e r  mechanism i s  ab le  to  
meet a l l  th e  kiiCm fa c ts#  th a t  o f  WitzcX, i s  favoured  by most rev iew ers 
(Scheraga and HupXey#..l962j Hummol.and Kdnitslsy.# 196,4)* One o f  th e
'  '  ■ , ! -■ "  i
main d i f f i c u l t i e s  to  be taken  account o f i s  th e  a b i l i t y  o f  RHAaGe in  very
la rg e  amounts to  ca rry  put th e  h y d ro ly s is  o f a r t i f i c i a l  s u b s tra te s  devoid
o f pyrim idine groups such a s  riboapyram id in ic  a c id  (Takemura# Takagi#
Mujazaki and Bgami# 1959)# polyadenyli.o and p o ly in o s ln ic  a c id s  (Beers#
1960)# and polyribO sephosphate (Rosenberg and SSamohhof# 196I)#
* See Figure 3*
o#
: ■ ; A0-m:igkt Ao'ôxp'ooted? reasons wMoh a ra  w U  siitmaariséd bÿ 
Hummei and K aln itsky  .(1964)^ tho  k lH otiçe  of ' tho  ■ f i r s t  s tag e  o f  th e  
re a c tio n .'a re  Irii^Xy complex and th e  v a r ie ty  o f methods employed f o r  
moaourciing enzyme = a c t iv i ty  haeod upon depoiym orieation o f  wltnea©
to  th e  d i f f i c u l ty  o f  ohta'inii:)g p re c ia é  meaouromente o f  t h i s  prooeoo# 
î t  had .been ohow /by I W itz  (1940) t h a t  th e  u ltim a te  araount Of d ig e s tio n  
■1b  independout o f th e  amount 'Of en;%yme ueod, a n d 'th a t  th e  r a t e  o f  fo rm ation  
o f  t i t r a t a h l e  a q id ,groups due to  l ib e r a t io n  o f f re e  phoephoryl groups 
i e  much slow er th a n -th e  ra te , o f  form ation  o f ao id -oo luh lo  s p l i t  products»
'■, A s'cu tldnod  by-McDonald ( 1955)$' t h o ■ r e a c t io n '’i s  optim al a t  pH v alues 
- between T»2-8*2p 'proceeds^ b e s t in  th e  x>resénco o f 0*1M-IW1 o r  MgOlg# and 
i s  maximal a t  60^# The v a r ia t io n  in  op tim al pH stems from th e  f a c t  th a t  
i t  I s  g re a tly  in flu en c ed  by th e  io n ic  com position o f  th e  medium -  pH 
optimuia m d  io n ic  roquirem ents o re  in  f a c t  m utually  depm dent (K a ln itsk y , 
Hummel# Hesnick# C arter#  33ari%et and Bierks# 1959) H ydro lysis o f  oy c lio  
c y tid y lio  a c id  has beexi' employed as  a  method fo r  m easuring enzyme a c t iv i ty  
based  upon th e  second stage» The i n i t i a l  v e lo c ity  o f  th e  r e a c tio n  I s  
proportional to  enzyme co n cen tra tio n  over a  f a i r l y  v/ide range (Orook# 
M athias and Rabin# I960) $ b u t as' an' oasay proceedure- i t  i s  much le s s  
s e n s it iv e  than  those  m easuring /the depolymer i  s a t  ion  o f MA .(Btockx# 
fanâcnd3?ii:esBOho and Van P a r ijs#  i 960) Since cleavage- o f the, c y c lic  phos­
phate l in k s  re q u ire s  se v e ra l hm idred-fo ld  as much a c tiv e  enzyme a s  i s  
req u ired  fo r  cleavage o f th e  in te rm ^cleo tld e  l in k s  in  th e  same time, 
(Heppal, O rtiz  and Qohoa# 1957)«
H eterogeneity  of. P an o reg tic  M Aasey ^
9*
HetejcogeKelty , of FancréatiO :.MââQe
.%iG com piex-nature’ o f  ■ M A as^ 'p'ôsèB àn in tr ig u in g ' pîipblem# and th e  
r e la t io n s h ip  betweeh v a r io u s  f i^ o tio h o  id e a tif io d -  by qolUim ehromatograpliy 
has rece iv ed  m u# a tten tio n * ' vit'"'%s rpossib le ' to  sep ara te  no few er than  
6, peaks; o f a c t iv i ty  froià' o x tra o ts  o f '# e e p  panoreab (Aqviet mid Ânfineéni
1959) n^%d th e  sam e''authors d e te c te d  4 peaks in  ooimnèi^Oidl ''p rep a ra tio n s  
o f o x y s td llin e  bovine MAase* Three peaks were ob ta ined  In  neu&ral 
hom'ogOhateO o f mouse panoreao# one o f which was con iined  to  th e  super­
n a ta n t f r a c t io n  and d isappeared  on trea tm en t Of th e  hômogènatê w ith  d i lu te  
a u l# u r io  a c id  (Mokman and M orrill#  1959); bovine pànores# y ie ld e d  th e  
dame 3 peàka# th e  pH optima o f  which were id e n tic a l  (Bi.okmah# M o rrill 
and TrUpin# I 96O) ; b u t agalïi Only two p e # s  a re  p résen t in  a c id  
h'omôgenàteé* Hiuaem pancreas# which con taihe o f thé'HKAaàe a c t iv i ty  
o f bovine pancreas p e r u n it  weight# a ls o  y ie ld s  two p eak s‘from ac id  
homogonatos; one has been p u r if ie d  gOO-fold and shown to  have the, same 
s u b s tra te  s p e c i f ic i ty  a s  ÔîAase A (lîk ità#  Takahaslii# V/àiui'ântà Hoshino# 
1964)* Threé' -components a re  p re sen t in  gu inea-p ig  pm créàé  (B artoe and 
U aiel? 1961)# though one o f th e  cbmponents apimùrs to  be m iro la ted  to  
those o f c a l f  pancreas. The miorosomes o f moUse and gu inea-p ig  co n ta in  
Èl&ase- bowid to  r ib o n u o leo p ro te in  grmiuXos Which, becomes so lu b le  in  th e  
preCencG of a g e n ts 'Uapabl'é o f  ''Complexihg w ith and may re p re se n t
new lyrsynthesised- enzyme (Bickman and Trupin# 195&; S iekev it's  énd 
Pàlade# i 960)* S tu d ies  on the  b io sy n th e s is  o f th e  enzyme do in  f a c t  
len d  s tro n g  support to  th e  view th a t  i t  i s  sy n th esised  by th e  ribosomes# 
tr a n s fe r re d  to  microsomal c ls te rn a e  » and s to re d  in  zymogen g ran u les
iU -
p r io r  to  oeorovlon (lox*a?io and Molmmi# I 9 6 O; Do Dave# V/attiaux and 
Baudhuin, 1 9 6 2 )# and i t  i s  p robab le  th a t  the  h e te ro g en e ity  d isp lay ed  
by th é  enzyme r e f l e c t s  a m l l  m olecular changes o f th é  p ro te in  o r b ind ing  
o f a d d itio n a l compoxmdo a t  each s i te #  ' ' ’
To a  la rg o  ex ten t th i s  q u estio n  i s  com plicated by tho f a c t  th a t  
agen ts may a f f e c t  d if f e re n t  su b s tra te s#  d if f e re n t  assay  methods# and 
d if fe re n t  s ta g e s  o f  th e  r e a c tio n  in  d iv e rse  manners* ionè  a c t iv a te
b ee f psmoreao RUAase when # A  i s  th e  su b stra te#  but beyond â  c e r ta in  
co n cen tra tio n  they  render o lig o n u c le o tid e s  more re a d i ly  p re c ip i ta te d  by 
a c id , so th a t  when assay  i s  based upon measurement o f ac id -so lu b le  
p roducts p se u d o -in h ib itio n  i s  found (Biokman# A roskar and Kropf# 1956)» 
they  a re  In h ib ito ry  when r ib o n u o lec p ro te in  i a  used as su b s tra te  (Shigeura 
and Ohargaff# i 960)» ï é a s t  BM ase i s  a c tiv a te d  by InoreaBing io n ic  
s tre n g th  (BrovW iill# Jones and Stacey» 1959)$ and v a rio u s  p y rid in e  de­
r iv a t iv e s  s tro n g ly  a c t iv a te  c r y s ta l l in e  p an c re a tic  MAase ( Jokey and 
Toth* 1964)* io n s a re  in h ib i to ry  under every experim ental s i tu a t io n
s tu d ie d  (Houck# 1957; Brovmhill e t  a l* , 1959# Shigeura and C harguff,
i 960)* H eparin i s  in li ib ito ry  when MAaso a c t iv i ty  i s  measured tu r b id i -  
m e tr ic a l ly  (Houck, 1957)# bu t i t  does not appear to  a f f e c t  th e  i n i t i a l  
depoiym erieation  s tag e  o f RH'A d e ^ a d a tio n  a s  measured d i la to m o tr ic a l ly , 
i t s  e f f e c t  be ing  confined to  th e  l a t e r  stag© a sso c ia te d  w ith s p l i t t in g  
o f  c y c lic  d iphosphate l in k s  (V andendriessche, 1936); indeed th i s  
p ro p e rty  has been u t i l i s e d  f o r  th e  assay  of heparin  based upon i t s
1 1 »
in h ib i t io n  o f h y d ro ly s is  o f o y c lio  pyrim idine nucleoside phosphates by 
MAuse (Hobom and Soliner» I 964)* In  vivo in je c t io n  o f heparin  causes 
on i n i t i a l  in h ib i t io n  follow ed by e-n in c re ase  in  a c t iv i ty  pf a c id  and 
alk*' BBiaee^of mouse l i v e r  (de lia^airande# \febor and Cantero# I 956)# 
P an crea tic  KHAase i s  in h ib i te d  by v ario u s su lphated  an io n ic  polymers 
(FQ lU g and Wiley, 1959)* .
A f a c to r  p resen t in  the  superna tan t f r a c t io n  o f v a rio u s r a t  t i s s u e s  
and in ii ib ito ry  towards c r y s ta l l in e  p an c rea tic  and r a t  l i v e r  alk* FdîAaae 
bu t no t towards r a t  l i v e r  a c id  MAaso was fia^at described  by Both (195^) ♦ 
I t  i s  very l a b i le  to -hea t#  and ccm bo in a c tiv a te d  revOrsibXy by Pb ions 
and ir r e v e r s ib ly  by p-chlorom erburIbenzoato (Both# BacM urski end In g lis#  
X95Ba), and a c ts  by b inding w ith a c tiv e  onzyiïie (Roth, Raaïitàurski and 
I n g l i s ,  1958b)» ■ I t  has s in ce  been p u r if ie d  6000-fo ld  from r a t  l i v e r
(Shortman, I 961) and shown to  be a  pro tein#  p o ss ib ly  co n ta in in g  carbo­
hy d ra te  (Bhortman, 1962a)* M etal io n s p resen t in  most comvaefoial samples 
o f MA in a c tiv a te  th e  in h ib i to r  th u s  in c reas in g  the  a c t iv i ty  of ' bound 
MAase (Shortman, I 96I ;  Wojnfrt? and Roth, I 964)* S im ila r f a c to rs  have 
been id e n t i f ie d  in  the  l iv e r s  of 5 mmnmals; in  g en e ra l, they  a re  no t 
sp ec ies  s p e c if ic ,  but . a re  in h ib i to ry  towards c r y s ta l l in e  y ^ n o rea tic  MAase 
and a lk . EHAase o f a l l  mammal ia n  : m itochondria (Roth, 1962)* During 
reg en e ra tio n  o f r a t  l i v e r ,  th e  co n cen tra tio n  of i id i ib i to r  in c re a se s  to  
reach  a  maximum of 13%^  o f th e  i n i t i a l  le v e l a t  40 h rs  (Shortman, 1962b)} 
t h i s  in c rease  precedes th a t  o f BIh\ and of ac id  RHAase and may be one , 
o f  the  e a r l i e s t  responses to  hepatoctocy*
-X' See "A bbreviations” fo r  exp lanation  of these  term s.
18,
m i m  HIBOBUQLKASES
Iiivea^ Hibonuoleases
I t  was eimultfmeowsXy d iscovered  by Roth (1954) arid by de Laairfmde* 
A lla rd , da C osta arid Oantero (1954) th a t  r a t  l i v e r  hom o^natea show two 
peaks o f a c tiv i ty ?  an ac id  peak a t  pH 5#8.#6*0 and an a lk a lin e  pealc a t  
pH 7*C-0*2. SJheee peaks wore shown to  be due to  a t  l e a s t  tv/o d is t in c t  
enaymee d i f f e r in g  in  re sp e c t o f  h ea t s t a b i l i t y  and response to  in h ib i to ry  
f a c to r s ,  though they  were d is t r ib u te d  in  a  s im ila r  manner between th e  
v a rio u s  components o f th e  c e l l ,  m itochondria co n ta in in g  the  h ig h est 
a c t iv i ty  of b o th , although s ig n i f ic a n t  alk* HHAase a c t iv i ty  was a s so c ia te d  
w ith uncontam inated n u c lea r p repara tions*  îhoee o b serva tions were 
confirmed w ith p a r t i a l ly  p u r if ie d  e x tra c ts  (Roth, I n g l i s  and baohmuroki, 
1957; % tk o , de hamirande, A lla rd  tind Oantero, 1956), although i t  had 
e a r l i e r  been rep o rted  th a t  th e  ac id  RHAase was p rim arily  a s so c ia ted  w ith 
lysosomes in  t h i s  t i s s u e  (Be Buve, P re sm an , Cfianetto, V/attiaux end 
Appéimane, 1955)* % rk  in  se v e ra l la b o ra to r ie s  has shown th a t  th e  
a lk a lin e  enssyme has th e  same s p e c i f ic i ty  as p an c rea tic  BîïAase in  so f a r  
ae a l l  f re e  n u c leo tid es  and end-groups o f o lig o n u c leo tid es  a re  c y c lic  
2*i3'^By2im idine nucleoside phosphates, whereas th e  a c id  ensyme i s  in d is ­
crim inate  in  th e  l in k s  i t  hydro lyses (de Lamirande and A lla rd , 1 9 5 ^
Reid and Hodes, 1959; Roth, 1959) * There i s  some u n c e rta in ty  however 
regard ing  the  fu r th e r  a c tio n  o f th e se  enzymes. Be Bamirande and 
A lla rd  (l95^) and Reid and Hodes (l959) found th a t  alk* HHAase would not
hydrolyse c y c lic  nucleoside  phosphates, w hile Both (1959) i s  in  ag ree­
ment so f a r  as  th e  su p ern a tan t engyme i s  concerned but claim ed th a t  th e
1 3 ,
m itoohoridriai aik# hydro lyses oyoXio u r id in e  2* 3*-phosphate*
I t  has been claim ed th a t  the  c y c lic  nucleoside phosphates o f adenosine 
and u r id in e  a re  s p l i t  by th e  a c id  MAase to  8*-phosphates (%ytko e t  &!.$ 
1956; Held and Bodes# 1959) w hile c y c lic  c y tid in e  phosphate i s  hydrolysed 
to  th e  3**,derivative (Hold and Bodes, 1959)* F u rth e r  p u r if ic a t io n  o f 
th e se  engymes has shown th a t  th e  production  of -nu c leo sid e  'phosphates 
i s  th e  work o f a  contam inating engyiae, and has Confirmed th e  s p e c i f ic i ty  
o f  th e  two engymes p rev iously  rep o rted  (Mavor and Greco, 1962^ *
An in te r e s t in g  HBAase h as  been id e n t i f ie d  by ammonium su lp h a te  
f ra c t io n a tio n  of gu inea-p ig  l i v e r  (H sppel, O rtia  and Oohoa, 1956) and 
p u r if ie d  to  a  p o in t whore i t  i s  f re e  o f  a l l  phosphodiesterase and mono­
e s te ra s e  a c t iv i ty  and i s  only s l ig h t ly  contam inated by BHAase (R a z se ll, 
1963)* The ensyme i s  a c tiv e  towards polyadenyjic  and p o ly u r id y lic  ac id s  
a s  w ell as n a tiv e  HBA, and i t  degrades a l l  th re e  su b s tra te s  to  fragm ents 
con ta in ing  2-6 n u c leo tid e  residues#  Unlike the  products o f any o th e r  
s p e c if ic  BîîAôsé y e t  d iscovered , th e  products a re  a l l  te rm inated  by f re e  
5*-phosphate groups*
The suggestion  o f Roth ( i 960) th a t  r a t  l i v e r  mioroeomedi migîvb possess 
i n t r i n s i c  BBAaae a c t iv i ty  has been confirm ed by the  dém onstration o f a  
BBAase in  th e se  p a r t ic le s  which i s  in h ib i te d  by Mg io n s and s tim u la ted  
by EDfA (Morals and de Lamirande, 1965) t w hile evidence has been p resen ted  
favou ring  the  presence in  r a t  l i v e r  c e l l  sap o f an ac id  HBAuse which i s  
n o t re le a se d  from damaged lysosomos (Reid and Bodes, 1963)*
h iv e r  Bl^Aose a c t iv i ty  i s  s e n s i t iv e  to  hormomil and d ie ta ry  stim uli*  
A fte r  Qdrenaleotomy, and a f t e r  hypopliyscctomy whether o r  not growth- 
hormone was subsequently  a # in is te r e d $  ac id  EBÀàse a c t iv i ty  o f  r a t  l i v e r
14,
aupornatan t and whole cytoplasm  showed m  e le v a tio n  whiéîi ooourred .much 
l a t e r  th an  changes in  o th e r  c e l lu l a r  c o n s ti tu e n ts , whereas alk* MAase 
a o t iy i ty  was imohanged (Stevens and Reid, 1956; Reid and S tevens, 1956)* 
In ten se  trea tm en t .with tîijrroxine causes a  sm all In.oroase in  a c id  BMAase ■ 
o f r a t  l i v e r  p a r t ic u la te  f r a c t io n s  (R eid , i 960)*  ^ C ortisone ad m in is tra tio n
v/as w ithout e f f e c t ,  but f a s t in g  reduced th e  a c t iv i ty  o f  r a t  l i v e r  aXk*. 
and a c id  BBAuso by (do Lm"airande and A lla rd , 1959c,) * On th e  o th e r  
hand a c t iv i ty  was in c reased  by p ro to ln -d o p le tio n  aXone(^igman and A llison#
1 959 ) *
'
Spleen R lbonuoleases
An enzyme from c a l f  sRleen was p u r if ie d  YOO-fold and shown to  have 
th e  same S p e c if ic i ty  àà p a n c re a tic  RBAçsé#- in c lu d in g  th e  a b i l i t y  tC 
c a ta ly se  exchange re a c tio n s  (Kaplan and Heppel # 1956) * Ohromatograpliy 
o f c a l f  sp leen  p rep a ra tio n s  y ie ld e d  8 peaks of a c tiv i ty #  fo u r  a s so c ia te d  
w ith  a c t iv i ty  optim al a t  a lk a lin e  pH values and producing a m ixture of 
2*# and 3 '^ n u c leo sid e  phosphates as end products# th e  o th e r  4 a s so c ia te d  
w ith a c t iv i ty  optim al a t  pH 5#6-5*6 ^ d  producing -n u c leo sid e  phosphates 
only  (Mover# Feterson# Sober and Orebo# 1959)* F u rth e r  p u r i f ic a t io n  o f 
th e se  ©nsymes has been achieved (Maver and Greco, 1962^# and i t  has been 
shown th a t  th e  production  o f 2*-n u c leo sid e  phosphates i s  duo to  a  cob- 
tasBinant; th e  r a t i o  o f adenine t o  cy to sin e  n u c leo tid e s  in  d ig e s ts  o f  
th e  a c id  BHAaso was 4 *^ whereas f o r  th e  al.k* lîHAasé t h i s  r a t i o  was I : ? .
In  r a t  sp leen  on th e  o th e r  hand, liHAase a c t iv i ty  shows an optimum a t
pH 5*8, th e  evidence f o r  an engyme w ith more a lk a lin e  pH requirem ents 
b e ing  in co n clu siv e  (Mayor and Greco# 195&; B ichel and Roth# 1962)*
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ï i  i s  coBOontrated in  th e  m itochondria , hu t s ig n if ic a n t  q u a n t i t ie s  a lso  
occur in th e  supernatant*  FOeding a l t e r s  th é  d is t r ib u t io n  o f the  engyme, 
a  h igher percentage o f th e  t o t a l  re s id in g  in  th e  m itochondria* bu t th e  
s p e c if ic  a c t iv i ty  o f - th e  whole hom o#hato i s  lowea^éd* Delaney (1963)' 
has; p u r if ie d  a  llMAme from human sp leen  # id  rep o rted  i t s  m olecular 
weight to  be approxim ately 18*560* /'
R lbonuoleases ,
Eomcgenates o f  r a t  kidney co n ta in  peaks o f  HMase a c t iv i ty  a t  pH 
5*9&7*6* th e  l a t t e r  being  th e  major component (Roth, 1954)* The ac id  
engyme i s  a s so c ia te d  w ith in t r a c e l lu la r  d ro p le ts  ak in  to  lysosomee 
(s trau ss*  1956; 1957)* % e  a c t iv i ty  o f  alk* BIAaee i s  in c reased  a f t e r  
in je c t io n  o f c e r ta in  p ro te in s ’^ '-and ago dyes {Muaok* Brontoni and 
H abinoviteh, I960; Eabinovitch# Brentanl* F e rre ira*  Fausto and Maaok*
196I )  and a lso  by p ro to iii d ep le tio n  (Sigman and A llison# 1959)* 
Hypophysectomy produced. mcderute in c re a se s  in  ac id  #Ause- a c t iv i ty  in  
r a t  kidney supernatant#, and a# e n a le c ta% r brought about a  le s s e r  in c rease  
(Hold m d 0tevoïis# 1956)*. .An in te r e s t in g  re la tio n s h ip  between serum 
RfAase and th e  kidnéy haS boon d escrib ed  in  sev era l species# and i t  has 
been s u ^ e a te d  th a t  th e  enpymo# th e  a c t iv i ty  o f which in c re ase s  a f t e r  
b i l a t e r a l  nephrectomy m d  docî^o t appear to  depend upon re n a l excretion#  
i s  taken up by th e  re n a l co rtex  and in a c tiv a te d  (PoHi and Eabinovitoh# 
19571 Ikdâinovitoh# 1959* W hi# Tergian# Widimn# B ren tan i, Fausto#
Xiibermaa and Rabinovitch# 1 9 5 9 ) *
those a sso c ia ted  w ith in c reased  * droplet* form ation such as egg-white, ^
and lysosyme*
XÔo ,
.5lt»é.Eêi HiboBuo leases
Only one XWMm i s  p re sen t in  r a t  and gu inea-p ig  sorum, where i t s  pH ' 
optimum i s  7*4 (Babinovitoh and Dèhi# 1957) and human blood serum lik ew ise  
co n ta in s  a  s in g le  HHAase w ith a  broad pH optimum 7*5»8#0 (M etais and 
Handel, 19559 B lig lia re se , 1950a)# Much disagreem ent concerning th e  
response of th e  ensyme to  v a rio u s  d isease s  I s  ev iden t from th e  l i t e r a tu r e #  
M ig lia rese  (1958b) claim ed th a t  th e  enayme was s ig n if ic a n t ly  e lev a te d  in  
cancer p a t ie n ts ,  bu t t h i s  could no t be confirm ed by Levy and R o ttino  ( i 960) 
who claim ed in s te a d  th a t  th e  a c t iv i ty  i s  e lev a ted  in  l i v e r  d isease  and in  
leukaem ia. E a r l ie r  s tu d ie s  had f a i l e d  to  show e lev a ted  a c t iv i ty  in  
leukaem ia and o th e r  m yelû^-pro liferative d iso rd e rs  (Alekoandrowios, 
Urbancsyk, Ostrowska arid S ie rk o , 1958), w hile Houck and Borman (1958 ) had 
been unable to  show a  r i s e  in  l i v e r  and o th e r  gastro** in testInal d iso rdo ro , 
bu t claimed to  f in d  in c reased  a c t iv i ty  in  m yocardial in f a r c t io n ,  h e a r t  
f a i lu r e ,  mid prim ary ren a l d ise a se  w ith uraemia* This a s so c ia tio n  of 
in c reased  serum BI^ Aas© a c t iv i ty  r i t h  re n a l f a i lu r e  has been confirmed 
(ïlab inov itch , Liberman and F a u s to , 19591 Connolly, H e r r io tt  and Gupta, 
1962$* During urio dye caro inogeneeis in  th e  r a t ,  serum IW ose f e l l  to  
6W& o f normal (%ytko and C antero, I 963) tto ile  i t  has been rep o rted  th a t  
r a t s  bearing  tra n sp la n ta b le  tumours develop in c reased  serurB EHAase a c t iv i ty  
(gigmon and A lliso n , 1959)#
Attempts to  a s c e r ta in  th e  o r ig in  o f th e  ©ngym© have been made*
A c tiv ity  r i s e s  d ram atica lly  a f t e r  b i l a t e r a l  nephrectomy in  th e  guiriea-pig , 
and t h i s  in c re a se  i s  not p reven ted  by panoreatoctoii3y, e v is c e ra tio n , and 
d e p le tio n  o f lymphoid t i s s u e  by ad m in is tra tio n  o f co rtiso n e  (Habinovitoh 
and Sohi, 1956) o r  by t o t a l  hepatoctony and induction  o f leucopaonia by
17*
n itro g en  muetarde (Dohl and Habinovitoh# 1957)* D espite t h i s  l a s t  
observation# Houck and Bem&m (1958) advanced some evidence suggesting  
th a t  th e  enzyme may be re le a se d  from w hite blood c e l l s ,  Subsequent 
in v e s tig a tio n s  have confirmed th a t  th e  enzyme i s  p resen t in  th e se  c e l l s  in  
th e  human (Maney# Moloney and Taylor# I960; Gupta and H e r r io t t ,  1963), 
and in  th e  rab b it#  where I t  i s  a s so c ia te d  w ith sec re to ry  g ranu les (Cohn 
and Hirsch# I960) * In  summary» th e  o r ig in  o f  th e  EHAase o f serum has 
no t y e t been es tab lish ed #  and a  c le a r  d ia g n o stic  use fo r  i t s  assay  has 
no t y e t emerged#
B rin e  R lbonuoleases
MAase was p u r if ie d  from human u r in e  by ethanol p re c ip i ta t io n  and 
ammonium su lphate  f ra c t io n a tio n  (Dickman# VMte and Mason# 1958) and shown 
by coluïfa chromatography to  co n ta in  two peaks o f a c t iv i ty ,  Delaney 
(1963) has cq^nfirmed and extended th e se  observations# and shown th a t  one 
component i s  chem ically  and a n tig e n io a lly  id e n t ic a l  w ith bovine pano rea tio  
EHAase# w hile th e  o th e r c lo se ly  resem bles human sp le n ic  RHAaso* This 
p o s s ib i l i ty  had indeed been ra is e d  e a r l i e r  on th e  b a s is  o f s p o c if ic i ty  
s tu d ie s  and a n d y e is  o f  deg rada tion  p roducts formed by an ac id -op tim al 
and an a lk a lin e -o p tim a l RHAase p rep a ra tio n  from human u rin e  (Hakim, 1959t* 
1969b)* The a c t iv i ty  o f th e se  ensymee ax>pears to  vary  throughout th e  
m enstrual cyc le  (Hakim and Pappas# 1959 ) and p a r t  o f the a c t iv i ty  i s  
bound to  in h ib ito rs#  S ig n if ic a n t e le v a tio n  o f u r in a ry  Id^Aase a c t iv i ty  
has been found in  chronic g ran u lo c y tic  leukaemia bu t not in  o th e r  myelo­
p r o l i f e r a t iv e  d iso rd e rs  (Alekgandrowio# e t  al*# 195&)#
. Gland HiiionuoleaeGo
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ik tliorouglx 0tudy o f l^lAnsos i n  r a t  mammary t is s u e  liao shown th e  
presence o f  m  ao id  enzyme w ith  pH opt#mm 5#8 and probably a s so c ia te d  
?d th  th e  iyeosomes (Greonhaum, S la te r  end Wang# lg 6 0 ), and aji a lk a lin e  
ensymé' optim al a t  pH 0*0 probably  m itochondrial in  o r ig in  (S la te r#  1961)* 
A c tiv ity  was s tu d ied  a t  v a rio u s  stages, o f funotlan#  both  onsymes showing 
an in c rease  durirgpragnanoy anà l a c ta t io n ,  bu t whereas th e  a c id  liHAase
decreased  only s l ig h t ly  when b re a s t  in v o lu tio n  commenced, alk* HMase
, - '
a c t iv i ty  dropped dram atlcd ly  du rin g  th e  f i r s t  few dc^ye o f involu tion*  
Bovine m ilk co n ta in s  a  BHAase which i s  s e ro lo g ic a l ly , ohrom atographioally 
mü. chem ically  id e n t ic a l  to  bovine pm iorea tic  EHAase A (Binghfom and 
k i t t l e ,  19645 Goulson and S tevens, I 964)*
*
o m m  tm m  MAaaes
■.  ■ ' ■
Two RHAases, one displaying optimal activ ity  at pîi 7,8-8,3 and the
other a t pH 6*3-6*6, have been reported in sallya collected from human 
subm axiliary
parotid and jauhiûSBâaUrf  ^ glands, (Michel, Oonger and Ohemiok, I964), 
RHAase with pH optimum of 7*5 been identified in humm skin 
(Stftoiamxi end Rothflicm, I96I) and evidence derived from histodiemical and 
conventional proceedures suggest that i t e l e v a t e d  several fold in 
psoriatic lesions (Stoigleder and Raab, 19625 Lisa ajad Lover, I962), 
Cerebrospinal flu id  also contains HHAase activ ity  with a single pH 
optimmi in  the alkaline range, and raised in a variety of neurological 
disorders especially those involving cerebral wîiite-matter (iCovaCs, 1953;
19
lô u o k , 1958b).
O ther Animal
Rat f a t  pad co n ta in s  # A ase  a c t iv i ty  showing two peaks#
one a t  pH 6,2-6#7 and th e  o th e r  a t  pH 7*§-8*2; bo th  a re  p resen t c h ie f ly  
in  th e  eupernatan t f r a c t io n  o f 'homogenates p repared  from th e  tie a u e  
(Michel# F igueroa and Goldenberg# 1961)* Acid and alk* MAaaee were 
found in  ribosom al p re p a ra tio n s  o f  goat ce reb ra l cortex# th e  form er 
being  in h ib ite d  by d iv a len t c a tio n s  and producing a l l  fo u r mononuoleotidee 
ter^iiinated by 3 ' -phoephoryl groupé in equim olar amounts a f t e r  prolonged 
a c tio n  upon Mîh (p a tta#  B hattacherya tmd Ghosh# 1964)* The presence of 
a c id  BHâàsc hah a lso  hem  d e tec ted  in  lyaosome-lik© p a r t ic le s  from r a t  
b ra in  (Boaufey# B erleu r and Boy## 1957)* Muscle t i s s u e  from rab b its#  
ch icks and mice a lso  co n ta in  MAasc o f lysosomal o r ig in ,  enoraious in c re a se s  
o f  which are  encountered in  n u t r i t io n a l  and g en e tic  dystroph ies (S a lk in , 
Téppel# Beeai# Oaldwell and Peterson# i 960)*
To Sim up# i t  i s  v i r tu a l ly  c e r ta in  th a t  engymes capable of degrading 
I#A a re  p resen t in  every c e ll*  In  many ce lls#  perhaps even in  most c e l l s ,  
more than one such ensyme i s  present*  These d i f f e r  in  re sp e c t of th e i r  
pH optimum and th e i r  d is t r ib u t io n  w ith in  the ce ll*
sa .
B io lofdoal Funo;fcion o f BibonttcXeaëes
The presence o f HI'îAaee in  p an o rea tio  ju io e  i s  c le a r ly  r e la te d  to  
th e  ro le  o f th i s  exocrine s e c re tio n  in  th e  d ig e s tio n  o f fo o d s tu f fs .
The reason f q r  th e  presence, o f re la te d ' in t r a c e l lu la r  en#m es i s  more . 
in tr ig u in g , end th e  question  i s  made more oonfusing by th e  complex system 
o f WAasos and o f BBâsse in h ib i to r s  found in  many d iv e rse  t i s s u e s .  
A ttem pts to  answer those problems have not been lacking# but th e  f in a l  
v e rd ic t  i s  s t i l l  to  come*
The a c t iv i ty  o f  alk# # A ase  r e la t iv e  to  DBA in  human p la ce n ta  
dOoreasos w ith ag# '(B rody , 1957)* On the  o th e r  hand, an in c re ase  o f 
a c t iv i ty  w ith  agoing o f  th e  animal was found in  v ario u s organs o f th e  
r a t  (S tav itsk ey a , 1957); th e  s p e c if ic  a c t iv i ty  of y e a s t riboeomal ItHAaso 
shows G s im ila r  in c re ase  w ith  ago o f th e  c u ltu re  (Dmmer and Morgan, .
1963)* A s ig n if ic a n t  r e l u t io n sh ip  between EîTAase a c t iv i ty  and HBA con­
te n t  was rep o rted  f o r  normal r a t  and mice t is s u e s  (Ledoux, P i l e r i ,  
Vandorha^he «md B ran d li, 1957) and f o r  reg en e ra tin g  r a t  l i v e r  ( P i l e r i ,  
Ledoux, liiu  and V anderhae^C , 1959)# bu t th i s  d id  no t hold  f o r  th e  
Landsohuta a s c i te s  tumour which, from tim e Of im p lan ta tio n  u n t i l  death  
o f  th e  Oîiimal l o s t  tw ice as much ac id  MAose as  MA p er c e l l ,  w hile th e  
alk# MAase showed no <^ange (Ledoux, P i l e r i ,  and Vonderhaoghe, 1958a ) ,  
The same workers claim ed th a t  in  v a rio u s  tumours o f r a t  and mouse, and 
in  humim c e rv ic a l carcinoma, f o r  a  given r a t io  o f MA to  p ro te in , th e  
r a t i o  o f a c id  MAase to  p ro te in  i s  very  much le s s  than  th a t  found in  
th e  homologous normal c e l l s  (Ledoux, P i l e r i  and Vonderhaogho, 1958b; 
bedoux, B randli and Paepe, 1958)*
ii- t h i s  r e f e r s  to  age of the  p la cen ta
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To a  l im ite d  e x te n t # th e  suggest ion  made by those worker is th a t  
tumours a re  eh a rac to rieo d  by h low o b n t^ t  o f MAaee i s  supported  by th e i r  
f in d in g  o f a  o an o e ro s ta tio  e f f e c t  o f o ry O ta llin e  p ano rea tio  MAuse upon 
aoo itoo  tim our c e l lo  in  v ivo aocompanied by a  f a l l  ' in  M A /bm  r a t i o  
 ^ (Ledoux, 19 56a), and in  v i t r o ,  where th e  o f fo o t o f th é  oïigymo i s  dependent 
upon th e  age £Uid r a te  o f growth o f th e  c e l l  s t r a in  (ledoux , 1956b); t h i s  
l a t t e r  expérim ental s i tu a t io n  i e  \o?y oomplox oinoo. in co rp o râ t Jon o f 
la b e lle d  adenine Jo s tim u la ted  w hile th a t  o f  la b e lle d  phenylalan ine i s  
In h ib ite d  (Ledoux, B altus imd'Yondorhaego, 1956), and in te rfo ren o e  m icro- 
éçôpy has shown th a t  th e  uptake o f the  onCyme by th e  c e l l s  probably 
' depends upon p jn p o y to s is  (B asty , Ledoux and Ambrose, 1936)f  T his ^  
v i t r o  e f f e c t  commences w ith  an in c re a se  in  EKA/bHA r a t io  and i s  fo llow ed
by a, second phase dm?ing which th e  r a t i o  f a l l s  ■ (Ledoux and Yandorhaegho, 
1956) i Evidence has been ob ta in ed  im p lica tin g  m od ifica tions in  th e  
base r a t io s  o f EM load ing  to  form ation  o f abnormal Mh, in ' the  p rocess, 
Siheo a s o itè s  c o l ls  t r e a te d  w ith  ' %#Aase ' in co rp o ra te  la b e l le d  adenine 
much le s s  ra p id ly  than  lU bollod o ro t ic  aCid ( P i l o r i ,  Lodoinc and Yemder- 
haeghe, 1957) w hile th e  r a t e  o f in co rp o ra tio n  o f  adenine mid guanine 
i s  o f foo ted  only to  a' moderate e x te n t ,  th a t  o f u r a c i l  and cy to s in e  i s  
" in c reased  by IGO#* ' Tliis p r e f e r e n t ia l  m od ifica tion  o f MA tu rnover by 
p ano rea tio  PJAase le ad in g  to  a  preponderanoe of pyriiDldine n u c leo tid e s  
has boon confirmed by f u r th e r  experim ents in  v ivo and in  v i t r o  (Ledoux,
' P i l o r i ,  Posnonska and Yanderhaéghe, 195&) m d  i s  in  l lh e  w ith  th e  Imown 
bond s p e c i f i c i t i e s  o f th e  engyrae as reg ard s both % d ro ly s is  and t r a n s f e r  
reac tio n s*
22.
O ertain  o f th ese  f in d in g s  have been confirm ed in  o th e r  b io lo g ic a l 
syetemoi Thus p ro te in  ©ynthesla waa in h ib ite d  in  B.megatherium by 
a d d itio n  o f RMaae to  the  c u ltu re  medima (G roth, 1956), and in  th e  ly a o - 
genio s t r a in  of th e  same organism the  engyme in h ib i te d  eyntheaia  o f  phage 
p ro te in  even more than  th a t  o f b a c te r ia l  p ro te in  (Jeen e r, 1958; 1959b)*
A ddition o f th e  engyae to  c u ltu re s  of chick f ib ro b la s ts  and- m yoblasts 
r e s u l te d  in  c e ssa tio n  o f c e l l  d iv is io n  and accum ulation p f DM (F irk e t#  
Çhevremont-Cfomhairé and Ohevremont, 1955# Ihen MAase i a  inc luded  in  
th e  c u ltu re  medium p f h e ^ a  c e lls#  in co rp o ra tio n  Pf la b e lle d  thym idine 
in to  DMA i s  in c reaeed  by 4.B^& a t  3 h rp ; t h i s  phase o f s tim u la tio n  i s  
follow ed by in h ib i t io n  o f thym idine Inco rpo ra tion  which a t  h rs  i s  only 
40?y of co n tro l v a lu es  (8hah> I 963)* C ell d iv is io n  was a lso  in te r ru p te d  
by th e  engyme in  npn-induoed ly so g en ic  c e l l s  o f B*megatérium, and the  
hasp com position o f th e  BHA is o la te d  from th e  organism, ghov/ed a 1C^ 4 
in c re ase  in  u r id y l io  ac id  (Jee n e r , 1959a) 5 iu  induced c e l l s  o f th e  same 
organism su b jec te d  to  MAase treatm ent#  th e  phage p ro te in  is o la te d  by 
column chromatography was q u ite  d if f e re n t  from th a t  of normal phage p ro te in  
and showed only p a r t i a l  f ix a t io n  of antibody to  .normal, phage p ro te in  
(«Teener, Dupont-M airesse and V snsanten, i 960)* Uncoupling o f o x id a tiv e  
phosphorylation  in  is o la te d  m itochondria in  the  presence o f BMAase has 
been dem onstrated (Hanson, 1959); bu t i t  does no t appear to  a f f e c t  th e  
a c t iv i ty  o f  th e  am ino-acid in c o rp o ra tin g  engyme o f r a t  l i v e r  (Von dor 
Beckon and H u ltin , 1959)*
The above s tu d ie s  w ith added HHAase p o in t to  a p o ss ib le  to le  f o r  
th e  enzyme in  th e  co n tro l o f c e l l  growth end c e l l  d iv is io n , bu t they a re  
Cpen to  the  c r i t ic is m  th a t  th e  e f f e c ts  described  could a l l  bo p re d ic te d
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W  a  oonsequeinôô o f -RM d eg rad a tio n , and thé  a c tio n  o f endogenous RBAasee 
may be q u ite  d if fe re n t*  T hat t h i s  may he ao appears probable from work 
in  p la n ts  and mioro#organiamB* Regenerating' ch ick  'marrow shows a two-fold- 
In c re a se  in  alk* ElAase a c t iv i ty  (Brody m d  T h o re ll, 1957) * In  bean 
liypocotyls# M âase a c t iv i ty  i s  in c re ased  'by growth s tim u lan ts  such as  
k l'n e tin  end ]3 -indo loace tic  a c id  '(M adejew ska-Potdpc^yk, 1959) • A 
p a ra lle lism  between MA con ten t - àsiû a c id  BHAase ' a c t iv i ty  ' has been found 
in  b arley  seed lin g s  (Ledoux# Galand andiHttUrt» 1962)* D e ta iled  in v e s t­
ig a tio n  of changes o f  HMAasa a c t iv i ty  inAnicrosomes''end superna tan t o f  
ax^ple leav es has shown th a t  th e  form er in c reases  to  reach  a 6^ &^ imum a t  
th e  •thiid-’‘Weok o f development-.and 'th e re a f te r  'd ec lin es ' sh a rp ly  due to  
aocuim lation  o f  an In h ib ito r#  w hilq the superna tan t a c t iv i ty  d s  low in  
th e  étmls s ta g e s  due to  th e  presence o f  a  la rg e  amount o f in h ib i to r  in  
t h i s  f r a c t io n  b u t in c re a se s  w ith  the  age o f th e  le a f ;  th e  au tho rs 
p o s tu la te d  th a t  th e  microsomal engym© has a  sy n th e tic  fu n c tio n  w hile th e  
superna tan t enzyme has a  c a ta b o lic  ro le  (K essle r and Bngelberg, 1962)* 
S tud ies of EMAase a c t iv i ty  in  lio ro o o ccu s X ysodeikticus le d 'B a rk e r  
and Oannon (I960) to  s u r e s t  th a t  in  t h i s  organism th e  enayme i s  concerned 
w ith  breaôcdown and re sy n th e s is  a s so c ia ted  w ith m etabolic tu rn o v er o f IMA* 
The pJAase a c t iv i ty  o f le av es  in feo tb d  by tobacco mosaic v iru s  was h i ^ e r  
than  th a t  o f n o n - i# c te d  lo av es (Reddi, 1959)# and in fe c tio n  o f cho rio ­
a l la n to ic  membrane w ith in f lu e n z a  v iru s  in creased  i t s  MAase a c t iv i ty  
(Blamerth# 1959)* ' The d if fe re n c e  in  behaviour between endogenous and 
exogenous HMase i s  s t r ik in g ly  i l l u s t r a t e d  by th e i r  r e la t io n s h ip  to  v iru s  
growth# s in ce  i t  has been shown th a t  th e  in f e c t Iv i ty  o f sev e ra l d if f e r e n t
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V iruéas a d d itio n  o f )MAag© to  the.,mediq^
- and Jo.enor# 195? ; Tmm and B ablm ian^ .i960; Morm.en and Yeometts 1961 )#
, '  ' 1 ' \  > 1 • ' .  • - « , . I . ' i t , '  . ( * .   ^ k I '  -
,, ...  ^ Taking in to .ao q o u n t th e  o lq e e _re la t io n s h ip  between^RW4#é.# d  
, r ih p n àô leo p rq té in  .p artio leq , (gqi*k.p  ^% 960),. the, ipAase a c t iv i ty  o f h i stones 
i s o la te d  # 0 #  n u o le i and mieroeomee and aubseqhontly mora fu lly , re p o rte d  
, by Englànd# Turklngton ;an d 'L eslie  and #Te d o u b le -h e lic a l
e t ^ o t m e  o f BBÀ (Watson .and Q riçk , 1953) fÿom which i t  follow,© th a t  each 
. .s t r a n d '^ f  BM could  sy n th e s ise  # A  e o , th a t# o  .converse molequXee would he
'  V ) ' ;  ■ ■  ^  ^ '  .. • » Ç' ■ ’• ■• j
produced, on ly  one o f which would g iv e  expreeeion to  th e  re q u ire d  g en e tic  
fu n c tio n , L e s lie  (1961) has proposed j&hat th e  c o rre c t BfA i s  p ro te c te d  by 
a  h is to n e  w ith MAase a c t iv i ty  a g a in s t the  converse molecule*
y , I n . i t  appears p robab le  th a t  MAase, a c t iv i ty  .#  # f f ç r e n t
p a r te  o f  t h e , c e l l  i s  due to  d i f f e r e n t  m olecular sp e c ie s , and th a t  a  unique 
fu n c tio n  cannot be a sç rib ed  to  t h i s  a c t iv i ty  s in ce  t h i s  may vary vdth  the  
lo cu s  in  th e  c e l l ,  an d .th e  stag |q j5 f d e v e lo ^ e n t reached by i t*  Whatever 
.e l s e  might ;be said# i t  rem ains a  f a c t  th a t  .dcpolym crisation o f MA# whether 
f o r  th e  pmrpose o f d e g r^ a tio n #  turnover# o r  as a  p relude to  n e t t  
syn thesis#  must count as  th e  p r in c ip le  fu n c tio n  Of th e se  mzymes#
B lbcnuolease Oontent o f M alignant T issues
Gome a sp ec ts  o f  t h i s  q u es tio n  have been considered  in  th e  p rev ious 
section*  %m to p ic  i s  confused by th e  v a r ia t io n s  in  th e  method o f 
exp ression  o f a c t iv i ty  employed by d if f e re n t  workers q u ite  a p a r t from th e  
wide range o f t i s s u e s  examined in  th e se  in v e s tig a tio n s*  %%en r a t s  were 
fe d  ago dyes# an in c re ased  a c t iv i ty  o f MAâsé p er u n i t  w eight o f l i v e r
occurred  w ith th e  m ro im g em le  but n o t -with th e  nosi-oaroino-
gen ie  244ethyl-DAB ( S chneider# Hogeheom# BheXtou ami B trieb leh#  1953) «
The a c t iv i ty  o f  ao id-ahd  aXk*.MAaee o f two r a t  hepatomas exceeded th a t  
of momal l iv e r  '(lavér <#d- Greoo# 1956)*
An oxtemeive -mi MB oarcinpgoneai© in -ra t l iv e r  was. carried
out by A lla rd ,-de Bomiramde and Cantero (1957)* These-authors reported 
au increase i n . sp ec ific  a c tiv i ty  of acid  MAaso throughout ■ tumour develop­
ment and maximal -in the jnduoed tumour# This increase was not found in  
the Bpvikoff hepatoma#  ^ I t  occurred in, all- c e ll frac tio n s  of the l iv e r  
emd- primary tumour# but the percentage of th e  to ta l  a c tiv ity  rcoovered 
In  the mltoehondria was low in th e  tumour th o u #  not in  the surrounding 
liver*  With alk# llBAase a  g a th e r , d iffe ren t s itu a tio n  prevailed^ The 
a c tiv ity  of the whole homogenate per mg# nitrogen did  not d if fe r  in the 
BAB-fed animals from con tro l lovela^ but i t  was g rea tly  increased in  th e  
primary tumour?- The îîdtochondrial frac tio n  of the toaour was the only 
one -to show an Increase in  sp ec ific  a c tiv ity  over th a t of th e  corresponding 
fra c tio n  from control animals# but when the percentage a c tiv ity  of the 
various frao tiona was calculated# i t  was found to  have diminished in  the 
mitochondria! and increased in  th e  supernatant of the tumour# Thé re su lts  
in  lov ikoff hepatoma wore v a riab le# some tumours containing enormous 
incroasec in  alk# MAase while o thers had lew lev e ls  of a c tiv ity  § m  
increase in  the percent age of the to ta l  act iv i ty  recovered in  the super- 
natant was the only consist ont finding#
V&m the carcinogen 2-acetylaminq^fluorene was fed to  rats#  alk#
MAuse o f l i v e r  m itcçhontirja was depressed  by 50^  ^ w hile no change in  a c id  
BIAaee o f th e  m itochondria was found (Both, 1957)# The dep ressio n  o f
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m itochondrial a lk , MAaa© ooourred immediately upon feed in g  th e  dye so 
th a t  i t  m%- bo r e la te d  to  dye metabolism r a th e r  than  to  th e  oaro inogenic 
prooeas* Reid and L ots (X9§8) o tu d ied  th e  e f f e c t  o f  3-Motbyl-MB upon
' r
l i v e r  E M àsés, and exmiined th e  a c t i v i t i e s  o f  both ©nsyme© in  pro-cancerous : 
l i v e r ,  tumours, and th e  l iv e r s  o f  tumour^bearing an im als# They were ab le
to  make only two g e n e ra l is a t io n 's  a) th a t  th e  le v e l o f n e i th e r  ensysie i s  
lowered in  th e  whole cytoplasm in  any o f the  above co nd itions compared 
w ith  normal l iv e r s ;  b) th a t  th e  ac id  M âaço in  th e  superna tan t f r a c t io n  
i s  increased  in  precancerous liv e r#
Brody and B a lls  (IggB) re p o rte d  the  r e s u l t s  o f a  sm all s e r ie s  in  
which the  MAase a c t iv i ty  p e r  M l o f animal and human tumours was i
compared w ith  th e  value found in  hoBiologous normal tis su e #  Only in  
himsin p a n c re a tic  c a rc in m a  d id  th e  a c t iv i ty  exceed th a t  o f normal tis su e#
The au th o rs were unable to  confirm  th e  suggestion  o f Ledoux and h is  co- 
workers (LedowG, P i lo r i  and faM orhaoghe# 1956b; Ledoux, B rand ii mà 
fmepQi 1958) th a t  th e  r a t io  o f  IMAase to  IMA was lowered in  tumours com-- 
pared  to  normal tis su e #  V arious a s c i te s  ttm ours o f the  mouse have low 
EMAase a c t iv i ty  a t  p l^^sio logical pH values due to  form ation  of a complex
'  '  . ;4'
between th e  n a tiv e  ensyme, op tim ally  a c t iv e .a t  pH 7*S in  the  f re e  s t a t e ,  
mé a  po ten t in h ib i to r  (Bllem, C o lte r  and Kuhn, 1959; C o lte r , Kuhn and 
Ellem , 1961)# D iffe ren ces In  th e  r a t e  o f  m ercaptide form ation by 
p u r if ie d  r a t  l i v e r  a c id  BHAaçe from th a t  found w ith  p u r if ie d  a c id  RWAuse 
p rep a ra tio n s  from two hepatomas le d  to  the  suggestion  th a t  th e  engymes 
from normal and m alignant t i s s u e  d i f f e r  in  re sp e c t to  th e  number and 
lo c a tio n  of a c tiv e  SH-groups in  th e  molecule (Baver and Greco, 196|)#
EMAase a c t iv i ty  p er g# o f tumour and p er mg# Wk in c reased  in  p a r a l le l
w ith  th e  growth and development o f  Walker 2§6 tumour in  the  r a t ;  however 
trea tm en t w ith th e  an ti-tum our drug M ,H^-dietliylene-H**-phenethy^phoo- 
phoramide produced à  fu r th e r  in c re a se  in  MAase a c t iv i ty  (Wannamacher, 
A llis o n , Chu and^proeeléy j 1962)* U sjng th e  h ietochem ioal s u b s tra te  
f ilm  method, Daoust and.Amano ( 1963) rep o rted  th a t  no HHAase a c t iv i ty  
could be d e tec ted  in  th e  maligncuit c e l l s  of a la rg o  s e r ie s  o f  human and 
anim al tumours; th e se  f in d in g s  have been s tro n g ly  c r i t i c i s e d  by Roth, 
H ilto n  and M orris (1964) who c a r r ie d  ou t an ex ten siv e  In v e s t ig a t io n  of 
MAose a c t iv i ty  in  tran s iJ lan tab lo  r a t  hepatomas and whose f in d in g s  m erit 
c lo se  a tten tio n *  With two ex cep tio n s , th e  le v e l o f  ÎMâase in h ib i to r  in  
th e  tumours was lower than  th a t  o f  th e  surrounding normal l i v e r ;  th e  
percen tage o f a c id  and alk* HHAase in  th e  m itochondrial f r a c t io n  v/as 
g re a t ly  d iiû inlshed; th e  percen tage o f  ac id  and alk* HHAase in th e  n u c lea r 
f r a c t io n  was unchanged o r e le v a te d ; th e  percentage o f alk* IMAase in  the  
miorosomes was n e a rly  doubled and was accompanied by a  la rg o  in c re a se  in  
s p e c if ic  a c t iv i ty ;  w hile th e  a c id  HHAase a c t iv i ty  o f th e  superna tan t 
was g re a t ly  increased* Summarising th e  p o s it io n  in  a  recen t review ,
Roth (1963) s ta te d  th a t  " sc a rc e ly  a beginning  has been made in  our under­
s tan d in g  o f th e  r e la t io n  o f HNAase a c t iv i ty  to  cancer o r even to  RHA 
metabolism in  th e  normal cell***
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Although th e  ex is ten ce  onaymes m pablo  o f degrading DMA had been 
raoognised  in  many t is s u e s  through th e  work o f se v e ra l in v e o tig a to rs
'  ' '  '  •  ^ '  ' '  . V-; ; ! ' '  ■ ■ , ' ' "  . . . .
suimaarieed by SoW idt (1 9 5 5 ),'t h e  o ry s ta l l ig a t io n  o f th e  p an c re a tic  
èhzyjiio by aimoniim. su lp h a te  f r a c t io n a t io n  of.-an a c id  e x tra c t  o f  th e  bovine 
organ (ICunitgj ' 19&0à) paved the'va^ f o r  fundm iental re sea rch  in to  the 
behaviour .and mode o f a c tio n  o f th e se  enzyme®# The m olecular w eight r e ­
p o rted  byK unitsj (l950a) was 60,000. Using a  p rep a ra tio n  p u r if ie d  by 
e le c tro d e c a n ta tio n . Falcon (1955) found thp ençyme to  have a m olecular 
w e i^ it o f 40?000 wzlth an i s o e le c t r i c  p o in t o f 4*7» hu t Gehmcmn and Okada 
(1957) re in v e s tig a te d  the  problem end concluded th a t  th e  nlclocular w e i^ t  
was 61, 566; th e  l a t t e r  au th o rs  a ls o  re p o rte d  on th e  am ino-acid com position 
o f th e  enzyme, b u t f u r th e r  work on i t s  co v a len t s t ru c tu re  does n o t appear., 
in  th e  l i t e r a t u r e ,  although evidence has boon p resen ted  fo r  th e  in v o lv e - 
wrnit o f tryp tophan  a t  th e  a c tiv e  ce n tre  (Okada and F le tc h o r , 1962) &
The p# optiiaura o f th e  engyme i s  c lo se  to  7 , 0 * a co n cen tra tio n  o f 
RaCl in  excess o f  O.05B io  in h ib i to r y ,  and i s  req u ired  in  a  concen­
t r a t io n  which i s  dependant upon th a t  o f  th e  su b s tra te  and not upon th a t  
o f the  on%Bie (E u n its  1950b) # Removal o f by chey.at;lng agen ts
causes profound in h ib i t io n  o f th e  engymie (G ilb e r t ,  Overend # d  Webb, 1951; 
F e in s te ln  and Green, 1956) w hile  O a ^  w ill a c t iv a te  a  system which i s  a l ­
ready optim al w ith  reg a rd  to  (Wiberg 1958). S ince the  s tim u la tin g  
e f f e c t  of was found even when m agnesim  deoxyribonuolea-te was employed
29#
as  s u b s tra te , i t  may be concluded th a t  th é  d iv a len t o a t i #  complexes w ith 
th e  eugpxo p ro te in  a s  w ell a s  w ith  th e  s u b s tra te  \Bikama aM  S au ta rin en ,
Mode o f A ction
Agreement i s  genera l th a t  th e  products o f  enzyme a c tio n  upon DMA are  
te rm inated  in  §^*#phosphoryl group# (Binsheim er and Eoerner 1951» 1952$
P r iv â t  de G arilh#  and Laskewoki, 1955)* The seiae au th o rs  a ls o  id e n t i f ie d  
«11 fo u r  d© o:^*ucleotides o f  MA in  th e  d ig e s t ,  a lthough they  only con­
s t i t u t e d  1# o f th e  p roducts o f  engyme action*
In  a  studÿ o f  th e  d in u ç le o tid e s  p resen t in  th e  d ig e s t ,  Binslieimer 
(1955) concluded th a t  th e  sequence was soax'ce compared w ith th e
sequence d-^Py#^Fu, w hile th e  Milwaukee group wore unable to  f in d  i t  a t  
a l l  and in fe r re d  th a t  W p u r i t ie s  in  th e  a n a ly t ic a l  engyme p rep a ra tio n s  
employed by th e  foamier worker had r e s u l te d  in  a  degree o f  m olecular r e ­
arrangem ent (F riV at de O arilh o , Cunningham, L a u r ila  and Laskowski, 19571 
P o t te r ,  L a u r ila  and LaekcwskJ& 1958)* # i s  le d  to  th e  p ro p o sa l, summarised 
by Laskowski ( I 961) ,  th a t  th e  m issing  linkage was th e  one p r e f e r e n t ia l ly  
a tta c k e d  by th e  engyme# Re-examining the  problem o f s p e c if ic i ty ^  VaneCko 
and Laskowski (1962) were fo rc ed  to  abandon t h i s  view^ s in ce  o f a l l  dinucleo*
t id e s  te s te d  Was th e  most r é s is te n t#  Furtherm ore, they  made th é
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in te r e s t in g  o b se rv a tio n  th a t  du ring  th e  course Of th e  d ig e s tio n  o f m A, 
th e  bond Wilch i s  p r e f e r e n t ia l ly  hydrolysèd changes from being  th e  
lin k ag e  in  th e  e a r l i e r  stag© to  th a t  between deoxyadenosine in  th e  
3V-terminus and deoryoy tid ine  in  th e  5^- term inus in  th e  l a t e r  s ta g e , 
th o u #  a t  n e i th e r  s tag e  i s  th e  p re fe ren ce  abso lu te#  3h th e  presence o f
, lo n e , however,^ a d i f f é r e n t  © peo ifio ity  p re v a i ls ,  v/ith the<^Py# Fa
;. ,y ; ■ Tr w
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lin k ag e  being  tho  most au eo ep tib le  to  ehzymio iiy d ro ly sis  (Becking and 
H u rs t, 19.63)',.
I t  i s  c lear, th a t  th e  r e a c t io n  mechanism i s  a  complex one, so «luch 
60 thsit H urst and F ind lay  (IgdO) d is tin g u ish e d  between a  nucleodopolymeras© 
a c t iv i ty  and an o lig o n u o leo tid ase  a c t iv i ty  in  v a rio u s  p re p a ra tio n s  o f 
p an o rea tio  MAuse, th e  l a t t e r  a c t iv i ty  being much more u n stab le  than  the  
former# T his claim  has s in c e  been challenged  by Vanecko and Laskov/ski 
(1961) ,  b u t th e re  i s  support f o r  a  mechanism whereby DNAase I  a c t iv i ty  
commences w ith  cleavage o f doub le-stranded  DMA in to  doub le-stranded  fra g ­
ments follow ed by a slow er phase in  which th e  ongyme attack^® th e  s in g le  
stran d ed  o lig o n u c le o tid e s  se p a ra tin g  from th ese  fragm ents (Sesreux , ïïaoha 
and F re d e rick  1962$ Matsuda and Makino> 1963)* K in e tic  s tu d ie s  in  
genera l b ea r w itness to  t h i s  com plexity , though v a r ia t io n s  in  co n d itio n s  
o f d ig e s tio n  and techn iques o f  measurement render comparison o f  r e s u l t s  
a  hazardous procéj^dure# Employing l i # t - e o a t t e r i n g  techn iques to  fo llow  
th é  d ig e s tio n  o f DMA, Eeichmann (1956) rep o rted  an i n i t i a l  r e ta rd a t io n  in  
m olecular w ei|#it decay fo llow ed by a  p erio d  when, although th e  m olecular 
w eight of th e  fragm ent s >f a l l  s', t h e i r  c o n fig u ra tio n a l p ro p e r tie s  a re  ak in  
to  those  o f  th e  o r ig in a l  s u b s t ra te ;  th e  re a c tio n  slows long  b efo re  the  
s tag e  o f mono- and d i-n u o le o tid e  form ation  commenoos* These r e s u l t s ,  as 
vjbII as th o se  re p o rte d  by Sohumaker, R ichards, and Bchachman (1956) and 
by Thomas (1956) in  which v is c o s i ty  and sed im entation  d a ta  were compared 
w ith  th e  number o f  s p l i t s  a s  measured in  a  pH -Stat supported th e  view 
th a t  s p l i t s  occurred  a t  random, many s in g le  bonds being  broken on each
chain  before scigaion o f the  double h e l ix  occurred* Comparison o f the  
t i t r a t i o n  curve o f th e  p roducts o f d ig e s tio n  o f DMase w ith n a tiv e  DMA 
and a  m ixture o f  d e o a ^ u c le o tld e e  le d  f re d e r ie q  ( 19§B) to  suggest th a t  
th e  enzyme i s  capable o f degrading  only the  d o u b le -h e lica l form o f  DMA.
Using a tu rb id im e tr ic  method, Houck (1959) found th e  a c t iv i ty  o f  #A use 
measured a t  pH 5*9 to  t a i l  o f f  a f t e r  JO miti* W illiam s, Bung and Laskowski 
(1961) c o r re la te d  bond ru p tu re  measured in  a  pH-Btat w ith  in c re a se  in  th e  
e x tin c t io n  o f th e  su b s tra te  a t  2èO th e  r e la t io n s h ip  between th e  two 
could  b e s t be expressed  by a  sigm oid curve in d ic a t in g  a th ree -p h ase  k in e t ic  
reac tio n *  In u c o n tra s t w ith th e  above- r e s u l t s ,  Le T a la e r , Le Pocq, F esty  
and P a o le t t i  (1964) s tu d ied  d eg rad a tio n  o f Mlk by th e  ©ngyiae a t  v a r ia b le  
su b s tra te  co n cen tra tio n s  and measured th e  re a c tio n  v isc o s if iié tr io a lly  as 
w ell as gpoctrophotom etrioally*  They found th a t  th e  M ichaelis law was 
obeyed, and th a t  th e  Km was 9*5 x 10^% , independent o f  th e  assay  teolm ique 
used ; t h i s  they  in te rp re te d  as evidence f o r  th e  constancy o f enzyme a f f in i ty  
fo r  su b s tra te  th ro u # o u t th e  course o f  hydro lysis*  I t  i s  c le a r  th a t  
d e sp ite  in te n s iv e  in v e s t ig a t io n , a  d e f in i t iv e  p ic tu re  of th e  mode o f a c tio n  
o f th e  enzyme has no t y e t been a tta in ed *
^oxyrifoonuoiease I I
(D eoxyribonuoleate 3# -n u c leo tid o h y d ro lase ) EG 3*1*4*6
An enzyme a c t iv e  upon DMA and d i f f e r in g  in  se v e ra l im portant respect©  
from th e  above was id e n t i f ie d  in  c a l f  sp leen  by Catcheoide and Holmes (1947) 
and in  c a l f  thymus by Muver and Greco (1949)* Both a c t i v i t i e s  were p u r if ie d  
100,000 fo ld  by 0 th  and F red erio q  (1958) who concluded th a t  th e  n a tu re  o f
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th e  p ro te in  involved  was th é  same in  e a #  t i s s u e  *
Although p r^ase  measuremént o f  th e  pH optimum f o r  the  ensyme i s
rendered  d i f f i c u l t  hooause i t .  i s  ih fluonoed  by th e  n a tu re  o f th e  c a tio n
p rese n t (Koernor # d  S insheim er, 1957^) m d  by th e  io n ic  s tre n g th  o f  th e
medium (Oth, F re d e rieq  and Hacha, 1958), t h i s  l i e #  w ell to  th e  ad id  s id e
o f n e u t r a l i ty  I v a lu es  from 4*2 to  5*6 having been rep o rted  (baskoimki
1961) * The requirem ent f o r  a  monovalent c a tio n  i s  0*2 -  0*3^1, and
i s  in h ib i to ry  (shimomurû and Laskowski» 195T)*
The re a c tio n  o f enzyme w ith  s u b s tra te  proceeds to  a  p o in t where
25^3^^ o f th e  phosphoric e s te r  linkage#  a re  broken; th e  p roducts inc lude
a l l  fo u r  deoxynuoleotides o f DM -  th e s e , as  w ell a s  th e  d in u p leo tid e s  and
c l  ig o m c le o tid e s  formed a re  te rm in a ted  in  a  3 '  #.phcophoryl group (Koeriier
mid Binsheim er, 1957b)* The k in e t ic s ,  under th e  co n d itio n s  employed by
th e se  l a t t e r  a u th o rs , d isp lay ed  a  b iphaeio  course , and no p referen ce  f o r
s p e c if ic  lin k a g es  could  be deduced# On the  o th e r  hand, L a u r ila  and
Laskowski ( 1957) examined th e  r e a c tio n  products and were unable to  f in d  
d—
th e  sequence Py -Pu , from which evidence they  concluded th a t  t h i s  lin k ag e  
F r
was p a r t ic u la r ly  su sc ep tib le  to  th e  a c tio n  o f  th e  enzyme* 0 th  e t  a l  (1958) 
compared th e  c h a r a c te r i s t ic s  o f  enzyme a c tio n  as  measured v is c o s im e tr ic a lly  
and sp eo tro p h o to m etrica lly  and n o tic e d  a  tim e la g  o f  about 15 min* when 
assay  wag by th e  l a t t e r  method; t h e i r  s tu d ie s  le d  them to  suggest th a t  
bo th  s tran d s  o f  DM are  broken sim ultaneously , and fu r th e r  work appears to  
have confirm ed th i s  view (Desreux e t  a l ,  1962)#
Occurrence o f Dsoxvribonuclef^ses
In v e s tig a tio n  o f  many anim al t i s s u e s  has rev ea led  th e  widespead
OGWrroaqe o f ' ■ â l t l m t #  i m  have boon ehea^aotorised,
i t  io  ootw eiitio ii& l to  a ttr ib u t©  tho  a a t iv i t lo ô  to  DMAao© I  and DNAase I I  
vfûem  th e  method o f aoosy warn designed to  perm it oondltlono allow ing 
selocilv©  measurOment o f  Panor©a,tio, DNAaoo I  and oplonlo  DEAa©© II*  I t  
ïîiUet bo borne , in  mind th a t  ,foi? moat o f  ; those  s tu d io s  @ the  r e s u l t s  in d ic a te d  
th e  a b i l i ty  o f th e  e x tra c ts  4 n  quootion 'to  degrade DMA under two d if f e r e n t  , 
s e ts  o f o o n d itio n s , aaad i t  does n o t fo llow  th a t  th e  oo tim ates«ob tained  arose  
• from th e  im l# o  fùhotiohA bf tw o -in d iv id u a l'p ro te in s*
A llfre y  and Hirsl-jy-.. (1952) in  an ex ten siv e  study o f v a rio u s  animal 
t i s s u e s  foimd MAasoE p resen t' in  pancreas on ly , whereas DNAase I I  was de­
te c te d  in  every t i s s u e  examined# I t  has s in ce  become c le a r  through \ïork 
c a r r ie d  ou t on - o;x pancreas th a t  th e  ©ngyme i s  la rg e ly  s to re d  in  zymogen 
g ran u les  in  company w ith o th e r  enzymes o f p an o rea tio  ju ic e  (K e lle r  and
Y'--
Oohen, I 96I )  ? On pu rify ing - DIAase o f r a t  l iv e ry  sp leen , two hepatomas 
and lymphosarcoma g Maver ' and Groce (1956) concluded th a t  only one enzyme 
was'prOivCnt. and th a t  i t  had th e  c h a ra c te r i s t ic s  o f  - DNAase II*  On th e  
o th e r  hand, Gumilngham and Xtaslcowski ( 1953) id e n t i f ie d  both DNAase 1 and 
DNAase I I  a c t i v i t i e s  in  vea l k idneyÿ th e  presence o f th e  form er b e in g , 
rev ea led  by t r e a t in g  th e  hqmogenate w ith d i lu te  su lp h u ric  acid* Hero 
re c e n t v/qrk has in d ic a te d  th é  presence o f enzymes resem bling DMaso I  in  
homogonateo o f  kidney, thymus ©hd lyïûphoma o f th e  mouse ( Shack 1 9 5 ?)$ ' the 
m itochondria o f gu inea-p ig  l i v e r  ( G o u tie r-P lro tte  and p th , 1 9 5 6 ) and o f 
r a t  l i v e r  (Bounce, O^Oonnoll and Monty, 1957; Beaitfey, B endall, Baudlauin 
and Bo Buve 1959; Baudhuin, 1959) $ and the  n u c le i and cytoî)lasiaio 
p a rtic le®  o f a s c i te s  tumour c e l l s  (iCelr and A ird, 1962)* The presence 
o f BMAaso I  a c t iv i ty  In  human serum has bOan know  fo r  more than  a  decade
(Wroblev/sîci and iggo),* fh is  find ing  was co^ifimod by Kurnlck
(1953) who also  reported th a t the ac tifi.ty  of oat eerum was one-hundred
t:Imee g re a te r  th an  th a t  o f  human aerum* I t  .was a lso  show  in  th e  r a t
th a t  passage through th e  l i v e r  reduced th e  BNAaeo a c t iv i ty  o f plaama, thue
ra is in g  the p o ss ib ility  of b i l ia ry  excretion (Kurnick and Carrera, 1953) •,
Acute haem orrhagie p a n c re a titlB  increases the a c tiv ity  of serum DNAase I
(Kowleaear and MoEvoy, 1956) while m aii^enoy lowers i t  (WroblewBki and
Bodanoky, IggO; GaVoato* Buff a  and H a ra in i , 1959)» The enW^O o f e a t
2serum liae been h i # l y  p u r if ie d ,  cmd #ho?m to  belong to  th e  <i globulin©
( lid u  and P a o le tt i ,  1963)9 w h ile 'th a t of human plasma mw p u r if ie d ■ 600^fo ld  ' 
and show to  belong to the ol"* ac id  glycoprotein fra c tio n  (Doctor,. I963). 
llmuBti p la te le ts  have a fa ir ly  high cenoentration of DHâaoe I  (Uomiolly* 
H arrio tt and Gupta, IpÊSj lAioh. can a lee  be detected in. human leucocytes 
by special procedure© doaignèd to  remove inhibitor*© (Money, Moloney and 
T e lle r9 i960). Dlàasé I  has been found in  a  bound and in  a free  form in  
Im am  urine (Hakim, I959d); th e  binding i a  affected  by variod© hormones, 
and the a c tiv ity  appears to  vary throughout the menstrual cycle in  the 
female*
Am a lread y  in d ic a te d , #sym o$ ak in  to  DNAase I I  enjoy a  wide d istribution-^ 
In  a d d itio n  to  those  t i s s u e s  m entioned p rev io u s ly , th e  enzyme ha® been found, 
in  m n x o m  a s  d iv e rse  a© eow^-s m ilk  ( îlae es lo r and Cunningham, 1 9 5 7 )» 3?ut 
'■ brain"(B oaufay , B orleu r and Dayan, 1 9 5 7 )» human p rosta te , '(#& an, 1958) and 
r a b b it  leu co cy tes  (Oolm and I lir s c h , I9 6 0 ), Heviowing th e i r  cm?, work and 
th a t  o f o th e rs , do IKiva, W attiaux and Baudhuin, ( I 9 6 2 ) conoluded th a t  th e  
enzyme i s  s i tu a te d  p rim a rily  in  the- lysosomes* Oil th e  o th e r  hand, i t  
appears th a t  coneidarab le  BNAaso I I  a c t iv i ty  ia  -present in  r a t  l i v e r  n u c le i ,
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th é  presence o f Ga Ions being  o b lig a to ry  f o r  p re se rv a tio n  o f a c t iv i ty  
(Swingle and Oole, 1964)1 and th e  a c t iv i ty  o f BMAose I I  in  n u c le i o f  
a s c i te s  tumour c e l l s  v/as tw ice th a t  found in  cytoplasm ic p a r t i c le s  from 
th e  c e l l s  (K eir mâ à i r d ,  1962) # The enzyme has been sep a ra ted  from 
_ human u r in e  (.Koszalka, S ch re ie r  and Altman# 1954) * though minute amounts 
only a re  p resen t in  th e  su b jec t (Hakim, 1959b)* Olaims f o r  th e
presence o f  th e  enzyme in  h w an  serum have a lso  been made (Houck# 1959% 
Gavosto e t  al#  1959).
Some enzymes have been d iscovered  which cannot be p laced  in  th e  same 
Categoiy a s  DNAase I  o r DNAase XI# Two o f th e  most in te r e s t in g  ax*e an 
engyiae from chicken e ry tliro cy tes  optim al a t  pH 5*5 and in h ib i te d  by 
io n s  which degrades DMA w ithout th e  p3?oduotion o f d ia ly sa b le  m a te r ia l
s
(B srnsrd i#  Ohampa^e and Sadron# lf6 l).#  and one from r a t  l i v e r  which# 
u n lik e  p rev io u sly  id e n t i f ie d  DNAase I I  from t h i s  source whose p ro p e r tie s  
^%re o therw ise s im ila r  liydrclysee therm ally  denatured  DM more r a p id ly  than  
n a tiv e  DMA (Burden# Sm ellie and Davidson# I 964)*
In h ib ito r s  p f  DeojKyribopucleasos-
Much o f th e  e a r ly  work on deoxyribonucleases produced c o n f l ic t in g  
re s u lts #  th e  reasons fo r  which became c le a r  w ith  th e  rec o g n itio n  o f th e  
w idespread occurrence o f t i s s u e  in h ib i to r s  of th è se  enzymes# although 
v a rio u s  non^protoin  in& iibltors were shown many y ea rs  ago to  bo o ffe o tiv o  
by one o f two meohanisms -  removal o f  io n s  and d i r e c t  a c tio n  upon th é  
on%me p ro te in  (G ilb e r t  e t  el*# 1951)»
fîiê id e n t i f ic a t io n  o f a  p ro te in  in h ib i to r  o f  DNAase I  in  pigeon crop
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g land (Dabrov^ska;# Cooper# and LaskowskJ, I g # )  wa® follow ed by th e  recog­
n i t io n  o f a  .s im ila r  In h ib i to r  in  '.several o th e r  t i s s u e s  and tumours # a l -  /.!%-
th o u ^ i no r e la t io n s h ip  w ith  c e l lu l a r  growth could  he o s ta h lish e d  (Oooper#
■ . - ' #
Trautmam and Laskowski# 19§0). f u r th e r  work dem onstrated th e  in h ib i to ry
• ■ ■ ■ _ .  - . \  . .-3/
■Capacity toward© p a n c re a t ic . BlîAasé I  possessed 'by  e x tra c ts  o f many ..organs#'-
in h ib i t io n  being  maximal a t  pH 6,rt§, and l e s t  upon stan d in g  fo r  tim e in te rv a ls .  '/ j
over 4^7 hours (H en stc ll and f réedman# 1952). s tu d ie s  w ith huiMin w hite
blood c e l l s  have shown th a t  m ature cell©  co n ta in  j much, more l;? o f t h i s
in h ib i to r  than  immature c e l la  (H enste il#  freedimm and ùijEisbùrg# 1952)*
A d if fe re n t  in h ib i to r ,  a c tiv e  a g a in s t serum DNAase-1 b u t.n o t .against pan-
o re a tiq  DNAase I ,  and predom inating in  immature c e l l s ,  was d e tec ted  'in  th e  _
cytoplasm o f human leucocy tes (K urnlok, Schwarz# F a r is e r  and Lee, 1953)*
Human blood re p re se n ts  a  p a r t ic u la r ly  complex system as  reg ard s in h ib i t io n
o f  DNAase 1 | th e  p u r if ie d  enzyme o f  serum i s  in h ib i te d  by a l l  o th e r
f ra c t io n s  of serum (Dodbr# I 963) and by haem olysatos o f  e ry th ro cy te s
(Chopinoga and Eukina, 1955) ,  w hile serum i t s e l f  in h ib i t s  added p a n c re a tic
DNAase I  (iCurniok# 1950)* Recent work in  th i s  f i e l d  has shown th e  presence
o f  an in h ib i to r  o f  serum MAase I  in  r a t  serum (B erger and la y ,  1964) and
an in h ib i to r  o f  p a n c re a tic  DNAase I  in  many organs o f th e  ra t*  no tab ly
l i v e r ,  brain# and lung# (F esty  and F a o le t t i ,  I 963)* The l i v e r  f a c to r  i s
"% topl,à0Bic in  s i tu a t io n ,  probably a  ^ -g lo b u lin ,■ and i s  in h ib i to r y  towards
th e  BHAase I  o f l i v e r  m itochondria (L o ise llo  and C a rr ie r ,  X96B) 1 i t  i s
very  l a b i le  to  h e a t ,  but. i s  u n a ffe c te d  by 8H*reagents ( ^ l i t e  and lo th ,
1964) .  An in h ib i to r  o f p an o rea tio  BHAase I  w h i# - has been p a r t i a l l y
p u r if ie d  from c a l f  sp leen  resem bles th e  above in  being  th e rm o lab ile , bu t
appears to  be s ta b i l i s e d  by mercaptoethcmol and g lu ta th io n e  (h indberg , I 964) .
fho  ovaiuatiQ ïi IMAasë I  d i f f i c u l ty  no t only /'%
; ■ ■ . ■ ■ • ■
becaUGO o f tho iif l a b i l i t y  • and-, th e  nt ï^ibaa? o f .diffcarent-. typsa  diecove^ed, v.
bu t bacauao ;o f th e  e ^ io te n c # in . , tiaeu o c  o f ■ a  heat*o tdb lo  a c t iv a to r
which can^bo rejaoVod by o ^ a u d tiv o  - # a ly a l8  but which ha# no t been f u r th e r  :
id e n t i f ie d  (Peino teiny  i$6o) # 'f e r t a in  p ro te in a  euch as., albtmrXn a lso  
in c re a se  th e  a c t iv i ty  o f  -Blâase I l i n  many- t i s s u e s  th rough-a  mechanism
\  ■ ’ V' ■ r .
b e liev ed  to  involve p ro te c tio n  a g a in s t p ro te ç ly tlo  ensymes (g 'e in s te in  and 
Hagen» I 968) ,
Much' work# to  be reviewed l a t e r  on' th e  e f f e c t s  o f .r a d ia t io n  upon \  ■ ’
t i s s u e  le v e ls  o f  BMase. I I  has in fe r re d  th e  ex is ten c e  o f in h ib i to r s  o f  t-
t h i s  enzyme# fo  date» none has boon id e n tif ie d »  and the  only in h ib i to r  
o f  BMâase I I  -for. which convincing evidence e x is ts  i s  a  h ea t s ta b le  dialyisabl© 
f a c to r  p re se n t in  nonm l humsui u r in e  u n re la ted , to  any o f  th e  .known u rin m y  _ 
C o n s titu en ts  (Kpwlessar# Okada, P o t te r  m d  Altman» 1957)*
B e la tio n sh iu  o f B eoxyribonucleases to  O e llu la r  Punotions
With th e  excep tion  o f  p a n c re a tic  BMase I» whoso fu n c tio n  i s  c le a r ly  
r e la te d  to  i n t e s t i n a l  d ig e s tio n  of d ie ta iy  BM» th e  ro le  o f  deoxyribo»* 
nu cleases  in  c e l l u l a r  p ro cesses i s  f a r  from certa in* . A number o f s tu d ie s  
have shown a  r e la t io n s h ip  between th e  BMaee I I  co n ten t o f t i s s u e s  and 
t h e i r  m ito tic  r a te  (A llfre y  and Mirslcy» 1^52; O outier and G o u tie r -P iro tte , 
1961; G outier and Leonard» 1962)# R egenerating  chick  bone marrow c e l l s  
showed no in c re a se  in  BMase X» b u t a s ix - fo ld  in c re a se  in  jDHAese I I  
a c t iv i ty  was d e tec ted  (Brody m d  Ikiorell»  1957)* Chick erythro-^leukaemla 
c e l l s  had h ig h e r BMase I I  a c t iv i ty  than  both  normal tmà re g e n e ra tin g
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d é l ié ,  tliê a c t iv i ty  ■ éliôYdng a  r e la tio n e h ip  to  th e  a iito tio  rat© o f  th e
'  . . .  • ‘ ■ '  -
tuîaour (irpcly', WohanmleOn and fh c reX l, 1909)* An in o ro aa o .in  BMas© I I  
a c t iv i ty  occurs as soon m  1$ hours a f t e r  p a r t i a l  hepatactomy in  the  r a t  
(Bnody and B alls*  19091 Gouti©r**B,irott© and-G outier, 196&), though a  
d ec lin e  in  p a r t ic u la t e  p r e c e d e s  c e l l  d iv is io n  and has been
a t t r ib u te d  to  c e s sa tio n  o f ly ao eo m l sy n th e s is  (Adams, 1963)* B a r l le r  
work had shown a  steady  decrease  in  BIAase Il/BM«*F r a t i o  in  th e  human
I , _
p lacen ta , as- i t  developed from e a r ly  pregnancy towards terra (Brody, 1953), 
and study o f a  number o f an^TOl and humam t is e u e s  and tm o u rs  le d  Brody 
and B a lie  (1958) t c  suggest t h a t  th e  emayme has c i th e r  a sy n th e tia  fu n 6 tio n  
o r  a  growth re g u la tin g  e ffe c t#
Oheyremont., -Ghevremont^Gomhaire ' and Baeckeiand (1959) ap p lied  BlAase I I  
to  c u ltu re s  o f  f ih ro b la a ts  and .observed inoreas© .in FeulgoB s ta in in g  o f  
th e  n u c le o li  coupled w ith  th©,,appearance o f  feulgen-^positiv©  m a te r ia l  in  
th e  m itochondria, th e  l a t t e r  no t being  removed by acMlton o f  Wkmei they 
in te rp re te d  th e i#  find ings- a s . evidence, for, th e  m itochondrial .syn thesis  o f 
BIA under th e  influence, o f  BIA^se .II» H^he in c re ase  in  a c t iv i ty  o f  t h i s  
enzyme in  th e  .early ■stages o f l i v e r  reg en e ra tio n  in  th e  ^mt d s  accompanied 
by th e  ..appearance i n  the. oytoplasra o f  m a te r ia l , having some.- o f th e  p ro p e r tie s  
o f  # A , though ..th is may he n u c le a r  in  o r ig in  and re le a se d  in -o rd e r  to  serve 
.as, a  prim er f o r  Wk s y n th e s is ,(G o u tie r^ i^ i'o tto  and G outiar,. 1962)#
Stud3,*es m  ra t, hepatomas, induo.ed. vhy, feed in g ,a so  % e a  have shown an in c re a se  . 
■in BHAas.e t%. a c t iv i ty  -.in, pre^canceroua l i v e r  and in  hepatomas compared
’ ■ . -V
.to l i v e r  from co n tro l animais.; th e  in tra c e lX u la r  d i s t r ib u t io n . o f  th e  
.encym0Li#$ 'a le e  a l te r e d , in  'the hepatoma, a,much h i # e r  percen tag e  being  
îjooated in  th e  n u c le i and in  th e  supem iatant them was th e  case fo r  normal
r a t  i i v o r ‘(S ch n eid er,- 'Hogeboom»-SlieXten and S trlcM o h , 19531- do 
LeuBirande, A lla rd  and G aatero , 1954) • fhom f in d in g #  Imve been challenged  
by. Breày (195$) en th e  b a s is  o f  a  a in g ic  hepatoma, and by Baoust and 
Ameno (196,3) whose h le tochem ical s u b s tra te  # f ilm  technique has a lread y  
'been  c r i t i c i s e d ■ (Hoth* 1963) ,  • On'-the o th e r  hand, in d ir e c t  support stems 
from th e  # r k \  o f I m i s  and Begelson (196b) who dem onetm tod th a t  a ïiion ic  
poiyeleotroX yto^ s tro n g ly  in h ib i to ry  in  vivo to  th e  growth o f trane*'* 
p la iita b le  tumour# e re  powerful in  v i t r o  in h ib i to r s  o f  BKiase XI bu t no t 
o f BMaèe I ;  : ' -
Worfe' in;l;çw br organism s h as rev e a le d  th e  p o s s i b i l i t y  o f  a l e a s  e x a lt e d - 
‘ r o le  fo3j' BHÂiae II# ■ From a  study o f  th e  d is tr ib u t io n  o f  th e  onsyiie in  
embryos Of chick^ f r o g ,  ahd se a -u r c h in , Blumenthal (1957) concluded th a t  
th e  presenco o f  th e  enèyme in  h igh  co n cen tra tio n  a t  c e r ta in  s ta g e s  was 
concerned w ith  th e  c le a r in g  o f  - d e b r is  fo llo w in g  metamorphosis* A 
S im ila r  c o n c lu s io n  in  r e sp e c t  o f  t a i l  resorj^tion was reached i n  s tu d ie s  
o f  th e  development ^uid-metamorphosis o f  two A f f e r e n t  s p e c ie s  o f  fr o g  
(Ooleman, 1962; Oolemanj 1963)4 w h ile  work on th e  developm ent o f  th e  
’ mouse‘embryo le n d s  support to  t h i s  v iew  (oolomcm, 1964) .
tUhe ro le  o f BHAase l  o th e r  th a n  th a t  o f  pancreas has u n t i l  re o e n tly  
been obscure, but a  number o f  experim ents have shovm th a t  i t  i s  capable 
o f ' s tim u la tin g  th e  a c t iv i ty  'o f 'MA polymerase in  a  mouse leukaem ia 
'system 'low  in  BHAase I  a c t iv i ty  -(Mantsavinos a n d 'G m e l l^ i s ,  - 1959b) and 
in  two o th e r  polymerase system s '(Bsrkar» 196I ) ,  a s  w e l l ,a s  in  an e x t ra c t  
o f  Landsohuts a s c i te s  c e l l s  (iCeir, Biimle and SmeXlie, 1962; K elr, 1962)# 
On th e  o th e r  hand, a d d itio n  o f  p a n c re a tic  piAase I  t o  th e  BHA polymerase 
o f  re g en e ra tin g  r a t  l i v e r ,  a  t i s s u e  r ic h  in  BiAeee co n ten t, i # i b i t s
sy n th e s is  (Moaatsavinoe and O aae ilak is , 4959^) 4 fflae a c tio n  o f BHAas© I
i s  optim al whom th e  iaoleoular weight # f  th e  fragm enté produced i a  about
6 ' '10 5 son ic  d is ru p tio n  of n a t iv e  BM ase to  fragm enta o f  s im ila r  s ia e  re*  
s u i t s  in  s im ila r  s tim u la tio n  o f polymerase a c t iv i ty ;  degradation  o f n a tiv e  
# A  by BHAase I  to  sm a lle r fragBient# in h ib i t s  po lym erisa tion  (O arkar,
Mukmdan and Devi, 1963) a l th o u #  th e  methods used were no t capable o f 
d e te c tin g  sy n th e s is  o f  a c id  so lu b le  o ligonuc leo tides*  th e  t^ews o f  a l l  
th e  above workers a re  in  accord  in  a ss ig n in g  to  BMase I  an im portant ro le  
in  reducing n a tiv e  DBA to  a  s i s e  s u i ta b le  f o r  fu n c tio n in g  as a  prim er f o r  
MA polym erase, w ith th e  unmasking o f f re e  hydroxyl end groups to  which 
a d d itio n  o f deoxynucleotides can ta k e  place# Such sp e c u la tio n  a s s i s t s  
in  ex p la in in g  th e  r e la t io n s h ip  o f  BHAuse a c t iv i ty  to  p la n t growth s tim u lan ts  
(M aoiejewska-Pctaposyk, 1959) w ell a s  th e  s tim u la tio n  o f th e  growth 
r a t e  o f Buglena induced by a d d itio n  o f p an c re a tic  IRAase to  th e  medium
(2ahn, 1959)*
B ela ted  to  th e se  o b se rv a tio n s» a re  those  on lysogenio  in d u c tio n  of 
BU O oli by bac teriophage in  which th e  # A 8Se Content o f th e  c e l l s  in c re a se s  
f iv e # fo ld  (Woriiieer and Bardee, 1957) ,  and th e  appearance o f  a  new exonuolease 
degrading n a tiv e  MA much f a s t e r  th an  hoatAdenatured MA (Kom and Weiss* 
baoh^ 1962)4 Such a c t iv i ty  appears a s  a  p relude to  sy n th e s is  o f  v i r a l  
BHA* Strong support f o r  t h i s  r e la t io n s h ip  comes from work on th e  growth 
o f Herpes sim plex v ird s  in  maimaalian c e l l s  in  t i s s u e  c u l tu re , idiere i t
has been observed th a t  an e a r ly  in c re a se  In  a c t iv i ty  o f DBA^çe l  and o f . -
;
MA polymerase preced#:'th% ^syntheais^<qf v i r a l  MA (ïCéir and Gold* 1963;
Bussell»,-G eld, K eir, %mura»- 'Watson and # ld y »  I 964) * Furtherm ore, th e
. ' - ' ' 
n u c le a r  f r a c t io n  showêd th e  h i p e s t  percen tage in c re a se  in  BïIAase 1
41,
a c t iv i ty  compared w ith  m  inOre#©© o f 100# f o r  th e  m itochondria-
:miorosome.f m o tio n  m d  ono  ^o f 10?# ; f o r 't h e  ooXl eap# fh© a b i l i t y ' o f  ' 
ribooome© o f %» O oli to  b in d  and re le a s e  BMaae u n d er-v ario u s co n d ltio n e  r -  • 
has a ls o  boon, re p o r te d  0 a l  end Blson^ I 96I )  § th e  au th o rs  sp eô u là tin g  on ' ^
th e  p o se lb iX ity  th a t  t h i s  medhanlem mey have, a  p a r t  to  p lay  in  th e  ■control'.;-#i;;; 
o f  PM metabolism# F in a lly  * i t  hm  been suggested th a t  th e , p a th o g en ic ity  
o f etapliyloooooi may be a?^lated to  t h e i r  BHAase con ten t (Jacobs, W illie  
and Qoodburn» I 963)# . •' ■
Orthopîloephoric B ie e te r  Fhosphohjrdrolase M 3 , l f 4 # l
ÿhe p r in c ip a l fe a tu re  o f  th e se  enssymaa i s  t h e i r  a b i l i t y  to  degrade 
both  MA and BHA (Heppel and Eahfeinowitss, IggB) ; t h i s  th ey  do w ith 
ap p aren tly  l i t t l e  s p e o lf io i ty  in  th e  m a jo rity  o f oases towards th e  
p u rin e  o r pyrim idine has© on e i th e r  © i#  Of th e  d ie s te r  linkage#
Spleen PhosD hodiesteraae
' /
(ghis è n î ^ é  h as  been p u r i f ie d  se v e ra l hundred**fold from b eef sp leen  
by Hilraoe (igGo) and by ÉazBSll and Kîioranà (1961)4 ^ho p re p a ra tio n  
shows optim al a c t iv i ty  n ea r pH 7#0 and releas#©  products te rm inated  in  
3**phosphoryl r a d ic a ls  by m  a c tio n  th a t  i s  predom inantly exonuôleolytio*
I t  i s  a c tiv e  upon a  wide v a r ie ty  o f  MA p rep a ra tio n s  b u t i s  in a c tiv e  
tow ards n a tiv e  and h ig h ly  polym erised DBA (Hilmoe* i960)* N everthe less 
i t  ra p id ly  hydro lyses o lig o n u c le o tid e s  derived  from BHA to  dèosynucleoside 
3*«#phos#ates provided th a t  th ey  do n o t have a f re e  5**phosphp3yi end 
group (Gilhata and Khorana, 1958? fu rn e r  and Hhçrana» 1959)* Like 
p a n c re a tic  M Aase, engynnic a c tio n  under ap p ro p ria te  co n d itio n s le a d s  to
exchange re a c tio n s  r e s u l t in g  in  Synthesis o f in te rnuo loo tid©  l in k s  
(Heppel and B i i t f jp ld ,  1955; Heppel, # i t % e l d  m d  Marltoii# 1955)* A
s im ila r  e n s ^ e  has been dem onstrated in  homogenates o f r a t ,  hog, and human 
tis s u e s  (E a s s e l l ,  1961a) * I t  i s  op tim ally  a c tiv e  a t  p i  6*0, i s  s tim u la ted  
by BOTà, and appears to  be p re se n t c h ie f ly  in  th e  sup ern a tan t o f r a t  l i v e r  
and kidney, w hile in  th e  hog kidney a c t iv i ty  i s  maximal in  th e  m itochondria,
43
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# e  d iscovery  o f  t h i s  enzyme which lead s  to  th e  form ation  o f p roducts 
te rm inated  by 5^*phosphoryl groups was f i r s t  made by C a rte r (1951) in  ; 
e x t ra c ts  o f in t e s t i n a l  mucosa#
A method f o r  i t s  p u r i f ic a t io n  and se p a ra tio n  from ano ther d ie s te ra s e  
p re se n t in  th e  e x tra c t  and which form s products te rm in a ted  by 3* -phosphoryl . 
groups has been describ ed  (ïïeppel and Hilmoe, 1955)» bu t th e  s p e c if ic  
a c t iv i ty  o f th e  m a te r ia l iso la .te d  by t h i s  prooeedure does not g re a t ly  ex* 
oeed th a t  o f  th e  o r ig in a l  homogenate#
A s im ila r  typé o f engyme whiCh forms 5 * * tem in a ted  p roducts by s te p ­
w ise exonuc leo ly tio  a c tio n  upon BiA and !DBA has been found in  leukaem ia 
c e l l s  (Anderson and Heppel, lÿéO ), w hile i a s g e l l  (1961a) has d e tec ted  
p hosphod ieste rases o f t h i s  type in  homogcnates o f ra t»  hog, and human 
tis su e s*  I t  i s  op tim ally  a c t iv e  a t  p i  9*0 and in h ib i te d  by and
appears to  be d is t r ib u te d  th ro u ÿ îo u t a l l  t i s s u e  f r a c t io n s ,  in c lu d in g  th e  
n u c le i ,  bu t c h ie f ly  in  th e  lyscsome-miorosome fra c tio n #  A p a r t i a l  
p u r i f ic a t io n  o f  th e  ensyme from hog kidney has been achieved (Ra%&ell,
1961b) and th e  s tep -w ise  a c tio n  whereby i t  s e q u e n tia lly  l ib e r a te s  nucleo­
t id e s  te rm inated  by §^*phosphoryl r a d ic le s  has been dem onstrated# A 
re p o r t  on th e  lo c a l i s a t io n  o f  t h i s  enzyme in  v a rio u s  r a t  t i s s u e s  by a  
h istochem ica l technique has been p resen ted  (Sieraliowska and Shugar, 1963)1 
kidney and pancreas con tained  th e  h ig h o st a c t iv i ty ,  sp leen  and l i v e r  and 
th y ro id  con tained  m oderately h igh  a c t iv i ty ,  w hile b ra in  con ta ined  l i t t l e  
a c t iv i ty ;  ; i t  was absen t from th e  n u c le i o f a l l  t i s s u e s  examined, in  
c o n tra s t  to  th e  f in d in g s  o f  Eassaell ( 1961a)* S tud ies on ribosom al 
p rep a ra tio n s  o f  goat b ra in  (B a tta  and Ghosh, I 963) and lamb b ra in  homogeiiates
i'(îî'0aXy» ;0toX lar,‘ 0imon‘and tçv ina»  1963) R'àve rev ea led  th e  p reseace o f  
■ am B m p m  d esc rib ed  # -  â  -pla'QsphcciieatordB©’' which resem blèà th e  above in  
having a pH optlm m  w ell to  th e  a lk a l in e  hide o f m e u tra lity , im' reqi& ing 
. ion© f o r  'a c tiv i ty p  and im b e in g  im lrlM ted by ÏÏMk* However i t  ha©
'Slot y e t  been ee ta b lie h e d  t h a t  e i th e r  ©mmjma'ia a c tiv e  toward© both  BM 
and DMA, though Healy e t  a l* , (l#63) have claim ed th a t  t h e i r  p rep a ra tio n  
produce©-fragmenta te rm inated  by 5**^phosphoryl residue© from DM by an 
endoiiuolGolytio a c tio n ; a  s im ila r  mmÿme ha© been d e te c te d  In  hm im 
cerebrosplm Gl f lu id  (.Healy, 3,964)*
$ # ? r ,  ^
, ®he presence o f  a  p h o sp h o d ie s te ra se  in  th e  venoM o f  c e r ta in  snake©
was f i r s t  d iscovered  by Hsawa (1932)? i t  has been ex ten s iv e ly  p u r if ie d
by chrom atographic proceedureo (BomAam and K a le tta , 195%; nmz&ll and
IChorana, 1959a) and has proved to  be a powerful a n a ly t ic a l  to o l  in  th e
d o te ra in a tlo n  o f  base sequences and end group re s id u e s  of n u c le ic  acids*
S tu d ies  o f i t s  a c tio n  on a v a r ie ty  o f sy n th e tic  deogyribo^o ligonucleo tides
(Hegs^ell and Khorana, 1909b} mA r ib a* o lig o n u o leo tid es  (S in g er, Hilmoe
m d  le p p e l ,  IggS) b ea rin g  3* ^ hydroxyl end-groups have ©horn th a t  h y d ro ly s is
beg ins from th a t  end, i s  s tep w ise , and r e s u l t s  in  the  successive l ib e r a t io n
o f nucleoside  5**phoaphate u n its#
ïh e  phosphod iesterase  o f mung bean sprout a , as mentioned p rev io u s ly ,
operate© In  a manner th a t  i s  predom inaiitly endonuoleoly t i o ,  and shows no 
p re fe ren ce  toward© th e  sugar m oiety (Bung tmà Laskov/©ki, I 962)* I t
uppear© th a t  lin k a g es  in v o lv in g  th e  3^*phcephoiyl group o f adenine
4 «
a re  ïuast su sc e p tib le  to  h y d ro ly s is  %  th e  enzyme, end th e  
p roducts  a re  te rm in a ted  fey phosphoryi # o u p s  in  th e  5* -p o s it io n  end 
hydroxyl groups in  th e  3** ^ p o sitio n #  A s im ila r  enzyme has been p u r i f ie d  
from Agotofeaoter a g i l i s  (B teyens and Hilmoe, i$ÊOa and b) which c leav es 
Mk and 3)IA to  sm all o llg o n u o lo o ti# #  w ith S^phosphom onoester end groups. 
Once again  th e  a c tio n  i s  p3?edominently en d o n u c leo ly tic , and po lyadeny llc  
a ç ld  i s  c leaved a t  a  veay much f a s t e r  r a t e  the#  p o ly n u c leo tid es  c o n s is tin g  
e n t i r e ly  of one o f  th e  o th e r  bases*
An enssyme i s o la te d  from th e  c u l tu re  medium o f Staphyloaoocus aureus 
has been p u r if ie d  and shC#m to  a t ta c k  both  ÎIBÂ and BM w ith  th e  p roduction  
o f m ononucleotides and o lig o n u c le o tid e s  te rm inated  by J^-phosphprnonoester 
end groups (G um in#am , 1959)* % e  mechanism o f a c t io n  o f t h i s  ensyme 
has rece iv ed  c lo se  study , s in c e  i t  p rov ides an exmaple o f  oh$mging a f f in i ty
■i
during  th e  course o f  d ig e s tio n  o f  th e  s u b s tra te , sw itch ing  from an endo­
n u c le o ly tic  a t ta c k  c h ie f ly  in  reg io n s  o f  h igh  co n cen tra tio n  o f  adenine 
and thymine o r  u r a o i l  re s id u e s  in  th e  e a r ly  s tag es  to  an ex o n u c leo ly tio  
a t ta c k  ceasin g  w ith th e  fo rm ation  o f d in u c lep tid e s  in  th e  l a t e  o t ^ e s  
(p irk sb ii and Dekker, 1960; Sulkowski and Laskpwski, 1962) #
liü,
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ThB u ltim six o  pTOdiicts fo rm ed  by th e  a e tio B  o f  m ic leaee B j 
in o lu d lB g  p h o ap h o d lea te raB eB s upon  t h e i r  a a b a t r a t e s  a r e  m u a leo - 
a id e  p h o sp h a te s   ^ a s  we have j u s t  aeom» fh e s e  may be dophOB’-  
p h o ry la te d  t o  y i e l d  th e  a o rre a p o n d in g  imcCieoBide by one o f  a  
number o f  ph o s  phomoim a a t  o r  a s  e a w hioh a re  w id e ly  d i s t r i b u t e d  i n  
ueX ls  and t ia e u e s .^  aoixie o f  w hich a r e  s p e c i f i c  f o r  5*-‘B u e le o -  
t i d e s  w h ile  o th e r s  a r e  u o n -^ sp e o if ic  r e g a r d in g  th e  ty p e  o f  
n u c le o t id e  to w a rd s  w hich th e y  a r e  a c t i v e .  Ih e  a c t io n  o f  th e a e  
enisymes i s  e s s e n t i a l l y  I r r e v e r s i b l e .
i'he n e x t  s ta g e  i n  n u c le o t id e  c a ta b o lis m  i s  th e  r u p tu r e  o f  
th e  bond u n i t i n g  th e  s u g a r  com ponent and th e  n i t ro g e n o u s  b ase  * : 
T h is  s t e p ,  w hich  i s  free ly -, r o v e r s  1 h i e , i s  c a ta ly s e d  by th e  enayae  
n u c le o s id e  p h o s p h o ry la s e # The enzyme i s  a c t i v e  to w ard s  b o th  
r lb o a e  and d eo x y rib o e c  d e r i v a t i v e s ,  and th e  n u c le o s id e s  o f  
a l l  Xthe. b a s e s , m t h  th e  a p p a re n t  e x c e p t io n  o f  c y t o s i n e , may 
i ) a r t : lo ip a te  i n  t h i s  r e a c t io n #  The r e a c t i o n  in v o lv e s  in o r g a n ic  
phosp h o ru s a c c o rd in g  t o  th e  fo l lo w in g  e q u a tio n s
S u g a r B ase In o rg a n ic  P h o sp h a te  ^ S u g a i^ l - P h o s p h a te  4 Base
P u rin e  O ataboliSB i
The m ain  e x c r e to r y  p ro d u c t o f  p u r in e  c a ta b o lis m  i n  man, 
b i r d s ,  and r e p t i l e s  l a  u r i c  a c id ;  i n  mammals o th e r  th a n  p r im a te  a ,
t h i s  p ro d u c t  i s  f u r t h e r  d e g ra d e d  to  a l l a n t o in  { F ig u re  4 )#
The fo rm a tio n  o f  u r i c  a c id  can  be c o n s id e re d  t o  commence a t
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th e  le v a i  o f in o sirie  aiul proceeds from th e re  in  th re e  B tagea. 
The f i r s t  o f th e se  in v o lv es  rem oval o f th e  sugar coRxponent to  
y ie ld  th e  h a s e , hyp o x an th ln e , and t h i s  s te p  Is. o a ta ly se d  hy 
'Uiuoleoalde pliosphoryXase in  th e  manner d eee rib ed  above # The 
y  n ex t two s ta g e s  a re  bo th  c a ta ly se d  by th e  same enzyme, x an tliin e
fy, o x id a se , which b rin g s  about su c c e ss iv e  o x id a tio n , f i r s t l y  o f 
hypoxanthine to  x a n th in e ; secondly  of x an th in e  to  ir r ic  a c id .
The a c tio n  o f t l i i e  ensyme i s  i r r e v e r s ib l e  and th e  p ro d u c ts  o f
/
i t s  a c t io n  a re  l o s t  to  th e  organism  f o r  energy  ^ y ie ld in g  and 
s y n th e t ic  p u rp o ses . M oreover, I t  appears to  be th e  ra te-'G on- 
t r o l l i n g  enzyme in  p u rin e  o a tab o lism  and p ràbab ly  d e te rm in es ,
d i r e c t ly  o r  I n d i r e c t l y , th e  c o n c e n tra tio n  o f pixrine d e r iv a t iv e s  
a v a i la b le  f o r  s y n th e t ic  r e a c t io n s  le a d in g  to  th e  b u ild -u p  o f 
n u c le ic  acids#
D e riv a tiv e s  o f  th o se  p u rin es  p re se n t in  n u c le ic  a c id s ,  
adenine anti g u an in e , a re  ab le  to  reach  v a r io u s  p o in ts  on t h i s  
pathway by means o f a  number o f  in te rc o n v e r s i  one which may 
talce p lace  a t  th e  le v e l  o f th e  n u c le o tid e , th e  n u c le o s id e , o r  
th e  f r e e  base# These i n t e r  conversions a re  shown in  F igure  W 
which i s  based upon th e  aheme o f  P o t te r  (I96O)# Adenine
d e r iv a t iv e s  may g a in  acce ss  to  th e  o u t l e t  pathway in  two ways s 
by deam ination  o f adenosine monophosphate to  in o a in e  mono­
phosphate under th e  In f lu e n c e  o f  th e  enzyme a d e n y lic  deaminase ; 
o r  by deam ination  o f adenosine to  in o s in e  th rough  th e  m ed ia tion  
o f adenosine deaminase# F u r th e r  c o n s id e ra tio n  w i l l  be g iv en
43,
t o  t h i s  enzyme la t e r  i n  t h i s  I n t r o d u c t i o n  * I n  som e p l a n t s  
a n d  m ie r o - o r g a n ie m a , t h e  c o n v e r s io n  o f  a d e n in e  to  h y p o x a n th in e  
by  m eans o f  a n  en zy m e , a r le n a s e ,.  i s  a ls o  p o s s i b l e , b u t  t h i s  enzym e 
a p p e a r s  t o  toe l a c k i n g  f ro m  t h e  t i s s u e ©  o f  a n im a ls #  G u an in e  
d e r i v a t i v e s  a l s o  h a v e  tw o  r o u t e s  to w a r d s  t h e  o u t l e t  pathway ; 
one i s  a t  t h e  n u e l e o t i d e  l e v e l  w h ere  g u a n o s ine m o n o p h o sp h a te  
may he con verted  t o  In o s ln e  m o n o p h o sp h a te  ; t h e  o t h e r  i s  a t  
th e  l e v e l  o f  t h e  f r e e  b a s e  w h e re  g u a n in e  c a n  h e  d e a m ii ia te d  t o  
y i e l d  x a n t h i n e  by m eans o f  a  s p e c i f i c  e n z y m e , g i ia n a s e ,  which  
u n l i k e  a d e n a e e  i s  c e r t a i n l y  p r e s e n t  i n  a n im a l  t i s s u e s .
P y r im id in e  O a ta h o l is m
The a n d - -p ro d u e t o f  o a t a h o l i s m  o f  u r a c i l  d e r i v a t i v e s  i s  
- a l a n i n e g a n d  o f  th y m in e  d e r i v a t i v e s  ^ - a m in o  i s o b u t y r i o  a c id *  
N e i t h e r  o f  t h e s e  a r e  e x c r e t o r y  p r o d u c t s  i n  t h e  s e n s e  w i th  
w h ich  t h i s  t e r m  c a n  he  a p p l i e d  t o  u r i c  a c i d ,  s i n c e  th e y  a r e  
b o th  c a p a b le  o f  f u r t h e r  m e t a b o l i c  r e a c t i o n s  b r i n g i n g  th e m  
w i t h i n  t h e  ozk it o f  t h e  t r i c a r b o x y l i c  a c i d  c y c le #  The f r e e  
b a s e s  a r e  fo rm e d  by  t h e  c o n s é c u t i v e  a c t i o n  o f  p h o s p h a ta s e s  
a n d  n u c l e o s i d e  phosphoryX ae©  i n  e x a c t l y  t h e  sam e m an n er a s  
t h a t  d e s c r i b e d  f o r  p u r in e  d e r i v a t i v e s ,  an d  a. sum m ary o f  t h e  
r e a c t i o n s  i s  s e t  o u t  i n  F ig u r e  5 w h ich  i s  b a s e d  o n  t h e  
schem e o f  P o t t e r  ( i 9 6 0 )  # O y to e in e  d e r i v a t i v e s  do n o t  h a v e  a  
s e p a r a t e  p a th w a y  o f  t h e i r  own an d  f o l l o w  t h e  r o u t e s  t a k e n  by 
u r a c i l  o r  by  th y m in e  # The h i b a m i e l e o t i d e ,  o y t i d i n e ,  i s
c o n v e r t e d  t o  u r i d i n e  by  t h e  enzym e o y t i d i n e  d e a m in a s e  w h ic h
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i a  p r e s e n t  I n  a n i m a l  H i o r o —a r g a n i a m e  h a v e  a  o y 'b o a i n e
d e a m lB a - B e  which a ch iev e  s t h i s  c o u v e r a  i o n  a t  th e  l e v e l  o f  t h e  
f r e e  b a a e » .  T h e  d e o x y r i h o s i â e  o f  o y t o e i n e  i s  d e a m i n a t c f l  a t  t h e  
l e v e l  o f  t h e  m i o X e o t i d e  t o  y i e l d  d e o x y u r i d i n e  l a o n o p h o s p h a t e *  
f h i s  p i n  t a r n  ^ m a y  he d e g r a d e d  t o  i r r a o l 3 .  h y  t h e  c o n s e c u t i v e  
a c t i o n s  o f  a  m i c l e o t . i d a e e  a n d  n u c l e o s i d e  phosphorylaee # A n
a l t e r n a t i v e  p a t h w a y  f o r  d e o x y u r i d l n e  m o n o p h o s p h a t e  e x i s t s  i n  
t h e  f o r m  o f  i t s  con v ersio n  t o  t h y m i d i n e  monophoa phatc by t h e  
ensyme t h y m i d y l a t e  s y n t h e t a s e  i n  a  v a r y  complex r e a c t i o n  
v o X v l o g  t e t r a h y d r o f o X a t e  a n d  a  l-ca r b o n -d o n o r , f h i s  r e a c t io n  
l a  probably a n  i m p o r t a n t  s t e p  i n  t h e  f o r m a t i o n  o f  thym idine  
d e r i v a t i v e s  a n d  s h o u l d  p e r h a p s  b e  r e g a r d e d  a s  s y n t h e t i c  r a t h e r  
t h a n  c a ta b o lic ;  b u t  I t  d o e s  n e v e r t h e l e s s  c o n s t i t u t e  a  d e v i c e  
w h e r e b y  t h e  c y to s in e  r i n g  m i g h t  e v e n t u a l l y  b e  d e g r a d e d  t o  
' - a m i n o  i B O l m t y r i o  a c i d  in  company w i t h  t h y m i n e *
5 0 ,
S h e  d isc o v e r y  o f  t h i s  ensyme i s  a'ürllm ted t o  % o r y  and 
E o t h l e r  ( 1 9 2 7 ) *  I t s  d i s t r i b u t i o n  i n  a n i m a l  t i s s u e s  w a s  s t u d i e d  
b y  G o m w ay  a n d  G o o k e  { 1 9 3 9 )  w h o  r e p o r t e d  t h a t  t h e  h i g h e s t  oou™  
c e n tr a t io n s  w e r e  i r a  a p p e n d i x ^  i n t e s t i n e  ^ s p l e e n  a n d  t e s t i c l e s , ,  
C on sid erab le  p u r i f ic a t io n  o f  t h e  e n z y m e  from a q u e o u s  e x t r a c t s  
o f  c a l f  i n t e s t i n a l  m u c o s a  w a s  a c h i e v e d  (B rady, 1 9 4 2  ; K a X e l c a r ,  
1 9 4 7 & 1  K aplan, 1 9 5 5 ) *  M o r e  r e c e n t l y ,  c o l u m n  c h r o m a t o g r a p h y  
h a s  been e m p l o y e d  to  p u r i f y  i t  s t i l l  f u r t h e r  ( O o d d i n g t o n ,  I9 6 0 ;  
Brady a n d  0 * C o n n e l l ,  3 * 9 6 2 ) *  S h e s e  p rep a ra tio n s  are a b s o lu te ly  
s p e c i f i c  f o r  a d e n o s i n e  a n d  d e o x y a d e n o s i n e ;  s u b s t r a t e s  b e a r i n g  
a  p h o s p h a t e  r a d i c a l ,  or i n c o r p o r a t i n g  m i n o r  c h a n g e s  i n  th e  p u r i n e  
o r  s u g a r  m o i e t y  a r e  q u i t e  I m m u n e  ( S e h a e d e X ,  W a l d v o g e l  a n d  
B ç h X e n k ,  1 9 4 7  |  O o d d i n g t o n ,  I 9 6 0 ) .  B r a d y  ( 1 9 4 2 )  rep o rted  t h a t  
a l t h o u g h  d e o s y a d e n o s l n a  c o m b i n e d  m o r e  r a p i d l y  v & t h  t h e  e  n a y  m e 
t h a n  a d a a o s l n e  d i d ,  I t  w a s  deam inated a t  o n l y  h a l f  t h e  r a t e  o f  
t h e  l a t t e r .  C o d d i n g t o n  ( I 9 6 0 )  o n  t h e  o t h e r  h a n d ,  f o u n d  t h e  
r a te  o f  d e a m i n a t i o n  o f  d e o x y a d e n o s i n e  t o  b e  a  l i t t l e  m o r e  r a p i d  
t h a n  t h a t  o f  a d e n o s i n e .
$ h e  p l l  o p t i m u m  f o r  t h e  e n s y m e  i s  c l o s e  t o  7 . 0  t h o u g h  o o n -  
a i d e r a b X e  a c t i v i t y  i s  f o u n d  o n  e i t h e r  s i d e  o f  n e u t r a l i t y  ( K a l c k a r ,  
1 9 4 7 9 B r a d y  a n d  0 * C o n n e l l ,  1 9 6 2 ) .  X iie  i s o - e l e c t r i c  p o i n t  
o f  a  p r e p a r a t i o n  h o m o g e n e o u s  i n  t h e  u 3 . t r a c e n t r i f u g e  w a s  a t  
pH  4 . 8 5 ,  b u t  e l e c t r o p h o r e s i s  o n  s ' l s r e h  g e l  s h o w e d  t h e  p r e s e n c e
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o f  a t  l e a s t  4  i n d i v i c i u a X  c o m p o n e n t  a  y ( B r a d y  a n d  O ^ O o i m e l l ,  1 9 6 2 ) .  
f h e  e f f e c t  o f  v a r i o u s  p o s s i b l e  i n b i b i t o r e  w a s  s t u d i e d  b y  B r a d y  
( 1 9 4 2 )  w h o  r e p o r t e d  p r o n o u n c e d  d e p r e s s i o n  o f  a c t i v i t y  b y  h e a v y  
m eta ls  a n d  s t r o n g  o x i d a n t s *
‘f h e  d i s t r i b u t i o n  o f  a d e n o s i n e  d e a m i n a s e  a c t i v i t y  i n  p l a n t s  
a n d  m i c r o - m o r g a n i s m  a s  w e l j & e  i n  a n i m a l  t i s s u e s  h a s  b e e n  w i d e l y  
r e p o r t e d  ( f o r  b i b l i o g r a p h y  c o n s u l t  B r a d y  a n d  O H i o n n a l l ,  1 9 6 2 ) ,  
A m o n g  t h o s e  e n z y m e s  w h i c h  h a v e  b e e n  p a r t i a l l y  c h a r a e t e r i s e d ,  
m e n t i o n  s h o u l d  b e  m a d e  o f  t h e  f o l l o w i n g ;  a n  e n z y m e  f r o m  r a t  
e p i t h e l i o m a  w h i c h  h a s  b e e n  p u r i f i e d  b y  a m m o n iu m  s u l p h a t e  
f r a c t i o n a t i o n  a n d  s h o w n  t o  h a v e  t h e  s a m e  s p e c i f i c i t y  a s  a d e n o s i n e  
d e a m i n a s e  f r o m  c a l f  i n t e s t i n e  ( Y a g i  a n d  Z h o u v i n e ,  1 9 5 6 ) ;  a n  
e n z y m e  p r e s e n t  i n  r a t  k i d n e y  h o m o g e n a t e s  a n d  s e p a r a t i n g  w i t h  
t h e  a l b u m i n  f r a c t i o n  o f  t h e  s u p e r n a t a n t  ( Z y d o w o ,  1 9 5 9 )  |  a n  
e n z y m e  f r o m  31. G o l i  w h i c h  r e s e m b l e s  t h a t  o f  c a l f  i n t e s t i n e  i n  
i t s  pH  o p t i m u m ,  s p e c i f i c i t y ,  a n d  b e h a v i o u r  w i t h  v a r i o u s  i n h i b i t o r s  
( K o c h  a n d  V a l l e e , 1 9 5 9 ) ;  a n  e n z y m e  o f  c h i c k  d u o d e n u m  w h i c h  i s  
d i s t i n g u i s h a b l e  f r o m  t h e  c a l f  i n t e s t i n a l  e n z y m e  i n  r e s p e c t  o f  
t h e  r a t i o  o f  i t s  a c t i v i t y  t o w a r d s  v a r i o u s  s u b s t r a t e s ,  i t s  e n e r g y  
o f  a c t i v a t i o n ,  a n d  t h e  e f f e c t  o f  pH  u p o n  i t s  M i c h a e l i s  C o n s t a n t  
( O h i l s o n  a n d  f l a b o r ,  1 9 6 3 )  ; a n d  a n  e n z y m e  p u r i f i e d  f r o m  t h e  
s u p e r n a t a n t  o f  h u m a n  l e u c o c y t e s  w h i c h  b e h a v e s  e l e c t r o p h o r e t  1  c a l l y  
a s  a n  ^ - g l o b u l i n  ( K a r k e r ,  1 9 6 5 )  # T h e  e n z y m e  i s  p r e s e n t  p r o -  
d o m i n a n t l y  i n  t h e  s u p e r n a t a n t  f r a c t i o n  o f  m o u s e  a n d  r a t  l i v e r  
( B c h n e i d e r  a n d  H o g e b o o m ,  1 9 5 2 )  a n d  i n  t h e  s u p e r n a t a n t  f r a c t i o n
o f  2'^ a t  a n d  r a b b i t  b r a i n  ( J o r d a n ,  M a r c h ,  H o u o h i n  a n d  P o p p ,
1959)1  I t  h a s  b e e n  o l a s s l f i e d  a s  a  s u p e r n a t a n t  e n z y m e  by B e  
B u v e  e t  a l . )  ( 1 9 6 2 ) •
P ao to rs A ffe c t in g  iB traoe'lX tilar A e t im ty
A  n u m b e r  o f  f a c t  ore h a v e  been shown t o  i n f l u e n c e  t h e  
g d e n a s i n e  d e a m i n a s e  a c t i v i t y  o f  c e l l s  a n d  t i s s u e s  « X a  g .  
c o l l )  f o r  i n s t a n c e ,  i t  i s  i n c r e a s e d  i f  p u rin es a r e  a d d e d  t o  
t h e  c u ltu r e  m e d i u m  ( K o c h  a n d  T a l l e e ,  1 9 5 9 )  # I t  h a s  b e e n  
c l a i m e d  t h a t  m s i m i l a r  a d a p tiv e  i n c r e a s e  c a n  h e  o b t a i n e d  i n  
c h i c k  e m b r y o s  by I n g e 011%  a d e n o s i n e  ( G o r d o n  a n d  E o d e r ,  1 9 5 3 )  
a n d  i n  m o u s e  l i v e r  hy i n j e c t i n g  x a n t h i n e  ( P e i g e l B o n  a n d  W o o d ,  
1954 ) .  S u b s é q u e n t  i n v e s t i g a t i o n  h a s  h o w e v e r  f a i l e d  t o  confirm  
t h e  c h i c k  e x p e r i m e n t s  (Solom on, I 9 6 0 ) .  T h e r e  i e  s o m e  e v i d e n c e  
t o  r e l a t e  a d e n o s i n e  d e a m i n a s e  a . o t i v i t y  t o  g r o w t h .  G o r d o n  
a n d  Roder ( 1 9 5 3 )  c l a i m e d  t h a t  during t h e  growth o f  t h e  c h i c k  
embryo ,  a c t i v i t y  per mg. n itr o g e n  i n c r e a s e d *  Solomon ( i 9 6 0 )  
w a s  u nab le to  c o n f i r m  t h i s  f in d in g ;  b u t  s u b s e q u e n t l y  i t  was 
r e p o r t e d  th a t  w hereas t h e  a c t i v i t y  o f  t h e  w h o l e  e m b r y o  w a s  u n -  
a J lto r e d  d u r i n g  em bryonic d e v e l o p m e n t ,  a  4 0 - f o l d  i n c r e a s e  i n  
e n z y m e  co n ten t p e r  m g *  o f  t i s s u e  t o o k  p l a c e  i n  t h e  d u o d e n u m  o f  
t h e  c h i c k  embryo o v e r  a t w o - w e e k  p e r i o d  ( f i s h e r ,  G h i l s o n  a n d  
C h a n ,  1 9 6 2 ) .
An in c r e a se  i n  a d e n o s i n e  d e a m i n a s e  a c t i v i t y  t a k e s  p l a c e  
i n  r e g e n e r a tin g  r a t  l i v e r  ( T h o m s o n  a n d  M o s s ,  1 9 5 5 ) ;  t h i s
5 3 ;
i n c r e a s e  i s  n o t  p r e v e n t e d  b y  a c i r e n a l e o t o B i y .  I n  n o r m a l  r a t  
l i v e r ,  n e i t h e r  ad reiia leotom y ,  o r  h y p o p h y s e o t o m y  w i t h  or w i t h o u t  
s u b s e q u e n t  a d m in is tr a t io n  o f  growth h o r m o n e  a f f e c t  a d e n o s i n e  
d e a m i n a s e  a c t i v i t y  ( R e i d  a n d  S t e v e n s ,  1 9 5 B ) ;  n o r  d o e s  m a s s i v e  
a d m l n i e t r a t  1  o n  o f  t h y r o x i n e  ( H e l d ,  3 * 9 6 0 )*  l i v e r s  o f  r a t s  
m a i n t a i n e d  on a low  p r o t e i n  d i e t  d i s p l a y  low  a d e n o s i n e  d e a m i n a s e  
a c t i v i t y  u n i c e s  a  g lu c o c o r t ic o id  i s  s l i m i t a n a  o u s l y  a d m i n i s t e r e d  
( W a k a t a ,  I t o h ,  W a k a t a  a n d  S a k a m o t o ,  1 9 6 4 ) ,  h u t  t h i s  e f f e c t  c o u l d  
h e  i n d i r e c t ,  a n d  d u e  t o  t h e  a c t i o n  o f  t h e  h o r m o n e  o n  p r o t e i n  
or c a r b o h y d r a t e  m e t a h o l i s m *
A d e n o s i n e  d e a m i n a s e  a c t i v i t y  o f  r a t  l i v e r  w a s  f o u n d  t o  h e  
u n a lte r e d  b y  6 0 0 r  w h o l e  b o d y  i r r a d i a t i o n  ( l i e h e l ,  1 9 5 5 ) •  A 
s i m i l a r  d o s e  i n c r e a s e d  t h e  s p e c i f i c  a c t i v i t y  i n  t h e  s p le e n  h y  
3 2 #  over t h e  f i r s t  t h r e e  d a y s ,  h u t  s i n c e  t h i s  w a s  a ^ a e o m p a n i e d  
h y  s h r i n k a g e  o f  t h e  o r g a n ,  th e  t o t a l  a c t i v i t y  w a s  d i m i n i s h e d  
h y  2 1 #  ( B i c h e l  a n d  R o t h ,  I 9 6 0 ) *  T h e s e  r e s u l t s  w i t h  s p l e e n  
w e r e  c o n f i r m e d  i n  e x p e r i m e n t s  e m p l o y i n g  d e o j c y a d e n o s i n e  a e  s u b ­
s t r a t e  a n d  u s i n g  a  d o s a g e  o f  lO O O r  ( R o t h ,  W a g n e r  a n d  E o t h s ,
1964) I th e  s a m e  p a p e r  d e s c r i h a s  a  f a l l  i n  th e  a c t i v i t y  o f  t h e  
w h o l e  t h y m u s  u n d e r  t h e s e  c o n d i t i o n s *
d an cer
I n  c o n t r a s t  t o  m o s t  o th e r  e n z y m e s  o f  p u r i n e  o a t a h o l l s m ,  
a d e n o s i n e  d e a m i n a s e  i s  h i g h e r  i n  l o v i k o f f  h e p a t o m a  t r a n s p l a n t s  
t h a n  i n  n o r m a l  l i v e r  w hether a c t i v i t y  i s  r e l a t e d  t o  w e t  w e i g h t ,
5 4 '
p r o t e i n  c o n t e n t  o r  c e l l  n u m b e r  { c l e i a m i r a n d e ,  l l l a r d  a r id  O a n t e r o ,
1958 ) .  A c t i v i t y  a l s o  i n c r e a s e s  d u r i n g  t h e  d e v e l o p m e n t  o f
P l e x n e r - J o b l i n g  c a r c i n o m a ,  ( F o d o r ,  T o m a e h o f a k y  a n d  P u n k ,  1 9 5 8  )$
H e l d  a n d  l e w i n  { 1 9 5 7 )  f o u n d  n o  c h a n g e  i n  a d e n o s i n e  d e a r a i n a a e
p e r  g *  w e t  f r e i g h t  o f  l i v e r  d u r i n g  a z o  d y e  c a r o i n o g e n M s  d e s p i t e
a  f a l l  i n  a c t i v i t y  o f  o t h e r  p u r i n e  o a t a h o l l B i n g  e n z y m e s *  B u t
s u b s e q u e n t  w o r k e r s  h a v e  f o u n d  t h a t  a c t i v i t y  p e r  m g *  n i t r o g e n
d o u b l e s  i n  t h e  p r o - c a n c e r o u s  l i v e r ,  n o  f u r t h e r  i n c r e a s e  t a k i n g
p l a c e  w h e n  t h e  a c t u a l  c a n c e r s  d e v e l o p  ( C h a n ,  M a O o y  a n d  Î C i z e r ,
1959 % T h i s  i n c r e a s e  i n  a d e n o s i n e  d e a m i n a s e  a c t i v i t y  d u r i n g
a s o  d y e  c a r c i n o g e n e s i s  h a s  b e e n  c o n f i r m e d  b y  d e  L a m i r a n d e  a n d
A l l a r d  ( 195^  a n d  b y  B l a l a  a n d  I C a a i n e k y  ( 1 9 6 1 ) ,  t h o u g h  t h e
l a t t e r  w o r k e r s  h a v e  p r o d u c e d  e v i d e n c e  s u g g e s t i n g  t h a t  t h e
I n o r e a B o d  a c t i v i t y  m i g h t  b e  r e l a t e d  t o  t h e  m e t a b o l i s m  o f  t h e
d y e  r a t h e r  t h a n  t o  t h e  i n i t i a t i o n  o f  t h e  m a l i g n a n t  p r o c e s s *
R e c e n t l y  g R o t h ,  B h & è d  a n d  M o r r i s ,  ( 1 9 6 3 )  e x a m i n e d  t h e  a b i l i t y
o f  s e v e r a l  h e p a t o m a s  t o  d e a m i n a t e  d e o x y a d e n o s i n e ;  c o m p a r e d
w i t h  n o r m a l  l i v e r ,  a c t i v i t y  w a s  i n c r e a s e d  i n  H o v i k o f f  a n d  M e O o y
h e p a t o m a s ,  d e c r e a s e d  i n  t h e  D u n n i n g  h e p a t o m a ,  % # i l e  d i f f e r e n t
s t r a i n s  o f  M o r r i s  h e p a t o m a  s h o w e d  m a r k e d  v a r i a t i o n  i n  a c t i v i t y ,
some b e i n g  i n c r e a s e d  a n d  s o m e  d e c r e a s e d *  I f  i n c r e a s e d  a d e n o s i n e
d e a m i n a s e  I s  a  c h a r a c t e r i s t i c  o f  t u m o u r s ,  i t  m i g h t  b e  e x p e c t e d
t o  d i m i n i s h  i f  t h e  t u m o u r  r e g r e s s e d *  B u t  a c t i v i t y  i n  P l e x n e r ^
J o b l i n g  c a r c i n o m a  r e m a i n e d  h i g h  d u r i n g  r e g r e s s i o n  ( F o d o r  e t  a l * ,
1958^  a n d  i n  S a r c o m a  3 7 ,  i t  w a s  n o t  a f f e c t e d  b y  a d m i n i s t r a t i o n
p y r id in iu m
o f  t h e  a n t i - t u m o u r  a g e n t  a o e t y l p o d o p h y l o t o x i n - w - ^ c h l o r l d e
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( W a r a v c l e k a r ,  P a r a d i s  a n d  B e l t e r ,  1 9 5 5 ) .
A d e n o s i n e  deam inase a c t i v i t y  w a s  f i r s t  d e te c te d  i n  t h e  
b l o o d  o f  m a n  a n d  o t h e r  mammallem s p e o i e a  b y  D r u r y ,  Mtwak-^
M a n n  a n d  S o l a n d t  ( 1 9 3 8  )*> T h e  l e v e l  o f  e n z y m e  i n  t h e  s e r u m  
i s  h i g h  i n  i n f a n t s  a n d  f a l l s  g r a d u a l l y  d u r i n g  g r o w t h  a n d  
d e v e l o p m e n t  ( S a B s o w a ,  1 9 6 2 ) .  A r e p o r t  t h a ^ t  o v e r  9 0 #  o f  h u m a n  
can cer s u b j e c t s  h a v e  a c t i v i t y  o u t s i d e  t h e  r a n g e  s h o w n  b y  normal 
s u b j e c t 8  ( S t r a u b ,  S tép h an eok a n d  A c s ,  1 9 5 7  )  r e c e i v e d  p a r t i a l  
c o n f i r m a t i o n  f r o m  a  s t u d y  i n  w h i c h  t h e  m a jo r ity  o f  t h e  s u b j e c t s  
h a d  b r o n c h i a l  c a r c i n o m a  ( B e t n a n s k y  a n d  S e e l i c h ,  1 9 5 8  )* I t  w a s  
s u b s e q u e n t l y  shown t h # t  r a t e  b ea r in g  f i b r o a a r e o m a t a  d e v e l o p  
h i g t e l e v e l B  o f  s e r u m  a d e n o s i n e  d e a m i n a s e  a c t i v i t y  a l t h o u g h  t h i s  
i s  n e i t h e r  a n  e a r l y  n o r  an I n v a r i a b l e  c o n c o m i t a n t  o f  t u m o u r  
g r o w t h  ( V i l l e l a ,  A b r e i i  a n d  A b r e u ,  3 3 6 2 ) .  O t h e r  i n v e s t i g a t o r s ,  
w h ile  c o n f i r m i n g  t h a t  c a n c e r  p o p u l a t i o n s  h a v e  s t a t i s t i c a l l y  
h i g h  l e v e l s  o f  s e r u m  a d e n o s i n e  d e a m i n a s e  a c t i v i t y  than  n o r m a l  
p o p u l a t i o n s , h a v e  b e e n  u n a b l e  t o  o b t a i n  such p r e c i s e  se p a r a t io n  
o f  t h e  two p o p u la tio n s  a s  w a s  cla im ed  b y  S t r a u b  e t  a l . ,  ( 1 9 5 7 )  
a n d  h a v e  c o n c l u d e d  t h a t  t h e  e s t i m a t i o n  i s  v a l u e l e s s  a s  a  m e a n s  
o f  c a n c e r  d i a g n o s i s  ( S c h w a r t z  a n d  B o d a n s k y  ^ 1 9 5 9  ? K o e h l e r  
a n d  B s n s ,  1 9 6 2  ; S m y t h )  1 9 6 3  )*
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T h e  u s e  o f  r a d i a t i o n  i r i  i o a n o a r  t h e r a p y ,  based u p o n  t h e  
s e n s i t i v i t y  s h o w n  by r a p i d l y  d i v i d i n g  c e l l s  t o  io n is in g  
r a d ia t io n s  a n d  t h e  r e l a t i v e  i n s e n s i t i v i t y  o f  n o n - d i v i d i n g  
o e l l a , . has lon g  b e e n  e s t a b l i s h e d  a s  a  p r o c e d u r e  o f  t h e  u t m o s t  
v a l u e .  U n f o r t u n a t e l y ,  t h e  b i o c h e m i c a l  s t e p s  w h i c h  i n i t i a t e  
t h e  s e q u e n c e  o f  e v e n t s  l e a d i n g  t o  g e n e t i c  damage,  i n h i b i t i o n  
o f  m it o s i s ,  a n d  c e l l  d e a t h  a r e  b u t  l i t t l e  u n d e r s t o o d  a t  p r e s e n t .  
T h i s  i s  p a r t ic u la r ly  so  f o r  t h e  i n t a c t  mammalian o r g a n i s m ,  
w h e r e  t h e  v a r i a b i l i t y  in  r e s p o n s e  s h o w n  by m i x e d  c e l l  p o p u l a t i o n s  
a n d  t h e  e f f e c t s  o f  s u c h  i l l W e f l n e d  fa c to r s  as t h e  l i b e r a t i o n  
o f  t i s a n e  b r e a k - d o w n  p r o d u c t s ,  t h e  r e d u c t i o n  o f  f o o d  in tak e*  
a n d  t h e  a c t i v i t y  o f  th e  e n d o c r i n e  g l a n d s  w i l l  c o n s p i r e  t o  mask 
t h e  p r i m a r y  m e c h a n i s m  ( K e l l y ,  1957 I E r r e r a , 1 9 5 9  )*
A t t e m p t s  t o  d e f i n e  t h e  lo c u s  o f  th e  i n i t i a l  r a d i a t i o n  
e f f e c t  i n  t e r m s  o f  a  primary m e t a b o l i c  l e s i o n  h a v e  fo cu sed  
co n s id e ra b le  a t t e n t i o n  u p o n  th e  r o l e  t h a t  m i g h t  b e  p l a y e d  i n  
t h i s  p ro cess  b y  d a m a g e  t o  M A  a n d  to  i n t e r f e r e n c e  w i t h  s p e c i f i c  
e n z y m e  s y s t e m s *  T h e s e  t w o  t o p i c s  w i l l  n o w  x * e o a i v e  b r i e f  c o n ­
s i d e r a t i o n ,  a f t e r  w h i c h  a  f u l l e r  a c c o u n t  w i l l  b o  p r e s e n t e d  o f  
t h e  e f f e c t s  m a n i f e s t e d  b y  i o n i s i n g  r a d i a t i o n s  u p o n  n u c l e a s e s *
E f f e c t  o f
I t  i s  o b v i o u s l y  e a s y  t o  I r r a d i a t e  s o l u t i o n s  o f  DHA i n  t h e  
t e s t - t u b e  a n d  o b s e r v e  t h e  n a t u r e  a n d  e x t e n t  o f  t h e  damage*
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E a r l y  w o r k  o n  t h e s e  l in e s  p o i n t e d  t o  t h e  f o r m a t i o n  o f  l a b i l e  
p h o s p h a t e  e s t e r s ;  a tta c k  on t h e  s u g a r  o o m p b h e n t ,  m o s t  p r o b a b l y  
a t  - 0 ( 4 * ) I a n d  l i b e r a t i o n  o f  f r e e  b a s e s  ( 8 c h o i e s  a n d  W e i s s ,
1 9 5 3  ;  D a n i e l s ,  B c h o l e a  a n d  W e i s s ,  1 9 5 3  )• f u r t h e r  s t u d i e s  
h a v e  sho% ?n  t h a t  8 0 #  o f  t h e  f r e e  r a d ic a ls  f o r m e d  b y  i o n i s i n g  
r a d i a t i o n s  i n  t h e  p resen ce o f  o x y g e n  a t t a c k  t h e  b a s e s  a n d  2 0 #  - 
t h e  s u g a r  c o m p o n e n t  o f  D M  ( 8 c h o i e s ,  W a r d  a n d  W e i s s ,  I 9 6 0  ; 
S c h o l e s ,  1 9 6 3  )* U n f o r t u n a t e l y *  t h e y  t e l l  u s  l i t t l e  a b o u t  w h a t  
h a p p e n s  t o  th e  DBA i n s i d e  a n  ir r a d ia te d  c e l l *
l a  v i t r o  s t u d i e s  o n  c e l l u l a r  c o m p o n e n t s  a n d  o n  DBA i s o la t e d  
f r o m  i r r a d i a t e d  c e l l s  h a v e  s h o w n  t h a t  s p o n t a n e o u s  d e p o l y m e r i s ­
a t i o n  m a y  talce p l a c e  w i t h  s e p a r a t i o n  o f  t h e  n u c l e i c  a c i d  from  
i t s  accompanying h i s t o n e  a n d  r e l e a s e  o f  a c i d - s o l u b l e  components * 
l o s s  o f  t h e  a b i l i t y  o f  DBA a n d  i s o l a t e d  n u c l e i  to  f o r m  g e l s  and 
$0 s w e l l  in  s o l u t i o n  ( H o l m e s ,  X 9 5 Î  )*
F r o m  a n i m a l  e x p e r i m e n t s  i t  a p p e a r s  t h a t  i n  g e n e r a l ,  
i r r a d i a t i o n  c a u s a s  a  f a l l  i n  DBA c o n c e n t r a t i o n  w h i c h  i a  accom­
panied b y  a n  a c c u m i l a t i o n  o f  n u c l e o t i d e s  and m i o l e o s i d e a  i n  
r a d l a t i o B - a e i i e i t i v e  t i s s u e s ,  b u t  t h e  t i m e  s e q u e n c e  o f  t h e s e  
c h a n g e s  i s  c o m p l e x ,  s u g g e s t i n g  a n  i n i t i a l  I n h i b i t i o n  o f  DBA 
s y n t h e s i s  f o l l o w e d  b y  s t i i m l a t i o n  o f  DBA c a t a b o l i s m  ( B i s h o p  
a n d  D a v i d s o n ,  195*7 )» T h i s  m a y  l e a d  t o  t h e  a p p e a r a n c e  o f  b r e a k ­
d o w n  p r o d u c t s  o f  t h e s e  c o m p o u n d s  i n  t h e  u r i n e ®  T h u s ,  r a t s  
a f t e r  i r r a d i a t i o n  v j i t h  3 0 0 - 6 0 0 r  s h o w e d  an i n c r e a s e  in  t h e  
e x c r e t i o n  o f  d e o x y r i b o s e - e o n t a i n i n g  c o m p o u n d s  in  t h e  u r i n e ,  
m a i n l y  a c c o u n t a b l e  a s  d e o x y c y t i d i n e i  i f  nephrectomy w a s  c a r r i e d
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o u t  p r i o r  t o  r a d i a t i o n ,  d e o z y r l b o s l d G S  a c c u m u l a t e d  i n  t h e  
t i s s u e s  ( P a r i z a k ,  I r i e n t ,  D i e n s t M e r ,  a n d  8  k o  d a ,  X 9 5 8  )» M o r e ­
o v e r ,  t h e  amount o f  d e o x y c y 1 1 d i m e  e x c r e t e d  w a a  p r o p o r tio n a l  
t o  t h e  c l o a a g e  o f  r a d i a t i o n  ( P a r i z e k ,  I 9 6 0  ) .  M o r e  r e c e n t l y ,  
s t u d i e s  h a v e  b e e n  r e p o r t e d  on two h u m a n s  su b je c te d  to  w h o l e -  
b o d y  i r r a d i a t i o n ;  o n e  o f  t h e  p a t i e n t s  e x c r e t e d  d e o x y o y t i d i n e  
f o r  2 4  h o u r s  a f t e r  t r e a t m e n t  w h i l e  t h e  o t h e r  e x c r e t e d  d e o x y -  
o y t i d i n e  a n d  t h y m i d i n e  f o r  42 h o u r s  a f t e r  t r e a t m e n t ,  t h e  u r i n e s  
o f  t h o s e  p a t i e n t s  b e i n g  f r e e  o f  b o t h  d e o x y m i c l e o B i d e s  d u r i n g  
a  3 - d a y  c o n t r o l  p e r i o d  ( B e x * r y ,  B a e i a g e r ,  P e r r y ,  F r i e d m a n ,  K e r e -  
l a k e s  a n d  S e h e e l ,  1 9 6 3  )» )3 - a m i n o  i s o b u t y r i o  a c id ,  a  s u b s t a n c e
p r o d u c e d  i n  t h e  m t a h o l i s m  o f  t h y m i n e  ( F i n k ,  H e n d e r s o n  a n d  
F in k , 1 9 5 1 1 1 9 5 2  ;  f i n k ,  O l i n e ,  H e n d e r s o n  and F i n k , 1 9 5 6  ) w a s  
e l e v a t e d  i n  t h e  u r i n e  o f  8  h u m a n e  e x p o s e d  t o  e x o e s a i v e  d o s e s  o f  
r a d i a t i o n  a s  a  consequence o f  e x p l o s i o n  i n  a  n u c l e a r  r e a c to r  
( E i i l v i n i ,  O r o x i k i t e ,  B o n d  and f l l e d n e r ,  1 9 5 9  % h u t  n o  such i n c r e a s e  
c o u l d  b e  f o u n d  d u r i n g  t h e r a p e u t i c  r a d i a t i o n  o f  h i tm a n  s u b je c ts  
( B e r r y ,  I9 6 0  )«
I n  s o  f a r  a s  t h e  o th er  a s p e c t  o f  DBA m e t a b o l i s m  -  n a m e l y  
s y n th e s is  -  I s  c o n c e r n e d ,  t h e  s i t u a t i o n  i e  n o t  h y  a n y  m e a n s  
c l e a r - c u t ®  T h i s  i s  p a r t ly  d u e  t o  t h e  v a r i e t y  o f  c e l l u l a r  
s y s t e m s  i n  w h i c h  t h e  p r o c e s s  h a s  b e e n  e x a m i n e d  a n d  t h e  m u l t i ­
p l i c i t y  o f  m e t h o d s  u s e d  t o  m e a s u r e  DBA s y n t h e s i s *  I n  a  r e v i e w  
p u b l i s h e d  s e v e r a l  y e a r s  a g o ,  K e l l y ,  ( 1 9 5 7 )  c o n c l u d e d  t h a t  t h e r e
w a s  v e r y  l i t t l e  e v i d e n c e  f o r  a  s p e c i f i c  l e s i o n  o f  DBA s y n t h e s i s ,  
a n d  t h a t  M t o t i c  I z A i i b i t i o n  w a s  t h e  r e s u l t  o f  a n  i n d e p e n d e n t
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p r o a e a s  w h i c h  m i g h t  u lt im a te ly  i n h i b i t  M A  s y n th e s is  by b l o c k i n g  
c e l l  d iv i s io n .  As B u m i a a r l s e d  by X i a j t h a  ( 1 9 6 0 )  t h e  a v a i l a b l e  
e v i d e n c e  s tr o n g ly  s u g g e s i s s  t h a t  i n h i b i t i o n  o f  m l t o s i e  and c h r o m ­
o s o m e  d a m a g e  o c c u r  w ith  m u c h  s m a l l e r  d o s e s  o f  r a d i a t i o n  t h a n  
w o u l d  b e  n e c e s s a r y  t o  p r o d u c e  i n h i b i t i o n  o f  M A  a y n t h e m s ®  
N e v e r th e le s s , w h ile  X -rays h a v e  n o  e f f e c t  u p o n  t h e s e  s y n th e t ic  
p r o c e s s e s  i n  a & s  a l r e a d y  s y n th e s is in g  DBA, i f  t h e  r a d i a t i o n  
l a  a d m i n i s t e r e d  b e f o r e  s y n t h e s i s  c o m m e n c é e ,  m a r k e d  d e l a y  o r  
e v e n  c o m p l e t e  in h ib i t io n  m a y  x ^ e s u l t ,  d e p e n d i n g  o n  t h e  d o s a g e #  
G o u t i e r  ( 1 9 6 1 )  who h a s  d i s c u s s e d  t h i s  t o p i c  from a n  e n z y m o l o g i c a l  
s t a n d p o i n t  c o n s i d e r s  t h a t  i n  t h e s e  s i t u a t i o n s  w h e r e  i n t e r f e r e n c e  
w i t h  DMA s y n t h e s i s  o c c u r s ,  i n h i b i t i o n  may b e  a s c r i b e d  t o  t w o  
fa c t o r s  s a )  d e c r e a s e  i n  p h o s p h o r y l a t i o n  o f  n u c l e o t i d e s  l o a d i n g  
t o  n u c l e o t i d e  t r i p h o s p h a t e s ;  b )  i n h i b i t i o n  o f  DBA p o l y m e r a s e #
G e n e r a l  I f  f e e t  o f  R a d i a t i o n  x ix
T h e r e  h a s  b e e n  n o  l a c k  o f  e x p e r i m e n t s  in  w h i c h  p u r i f i e d  
e n z y m e s  have b e e n  i r r a d i a t e d  i n  v i t r o , b u t  t h e i r  r e l e v a n c e  t o  
t h e  p r e s e n t  d i s c u s s i o n  i s  l i m i t e d  b e c a u s e  th e  d o s a g e s  i n v o l v e d  
w e r e  m u c h  h i g h e r  t h a n  t h o s e  e m p l o y e d  f o r  t h e r a p e u t i c  p u r p o s e s  
a n d  i n  a n i m a l  ex p er im en ts .  M o r e o v e r ,  e v e n  i n  s u c h  a  s i m p l e
ex p er im en ta l s y s t e m ,  t h e  o b s e r v e d  e f f e c t s  d e p e n d  la r g e ly  o n  
w h e t h e r  t h e  e n z y m e  i s  ir r a d ia te d  a s  a  d r y  p o w d e r  o r  in  s o l u t i o n ,  
w h e t h e r  t h e  s u b s tr a te  i a  p r e s e n t ,  what i o n s  a r e  p r e s e n t , a n d  
w h e t h e r  o x y g e n  i s  e x c l u d e d  f r o m  t h e  e n v i r o n m e n t  ( A u g e n e t i n e ,  
1 9 6 2  )o I t  i s  o b v i o u s l y  h a z a r d o u s  t o  t r y  t o  e x tr a p o la te  t h e
T C B i i l t p  o f  B iic l i  e x p é r i m e n t a  t o  t h e  i n t a c t  o r g a n i s m .  Ü îh e r e  
i e  h o w e v e r  a n  e x t e n s i v e  l i t e r a t u r e  o n  t h e  e f f a c t a  o f  i r r a d i a t i o n  
i n  v i v o  o n  t h e  e n ^ j m e  a o t l v i t l e s  o f  a n i m a l  t i s a n e s .  I n d e e d  
t h e r e  h a v e  h e e n  f e w  e n z y m e  B j a t e m a  w h i c h  h a v e  e s c a g d  s n c h  e x ­
a m i n a t i o n !  t h e  m o s t  I m p o r t a n t  f i n d i n g s  h a v e  b e e n  s i n a m a r i s e d  
o r i t i e a l X j  i n  t h e  r e v i e w s  b y  H o l m e s  ( 1 9 5 T )  a n d  b y  S t o o k e n  ( 1 9 5 9 ) #  
gC ïie ia se iiea rs& l ]pdL(2&3?() T?liiLoli <3me3%gses3 jLss s&e; j*()]L]Lowss z 
1 )  P r o f o u n d  c h a n g e s  i n  t h e  e n z y m e s  c o n t r o l l i n g  f a t  m e t a b o l i s m  
l e a d  t o  g r e a t  i n c r e a s e s  i n  t h e  r a t e  o f  i n c o r p o r a t i o n  o f  l a b e l s  
i n t o  n e u t r a l  f a t s ,  p h o a p h o X i p l d s ^  a n d  c h o l e s t e r o l ;  t h e s e  c h a n g e s  
a r e  n o t  a f f e c t e d  b y  a d r e n a l e o t o n \ y .
Z )  A n  i n c r e a s e  t a k e s  p l a c e  i n  l i v e r  g l y c o g e n  w h i c h  i s  a t t r i b ­
u t a b l e  t o  r e d u c t i o n  I n  t h e  r a t e  o f  p h o s p h o r e l y a i e ,  o f  g X y c o -  
l y s i s   ^ a n d  o f  a e r o b i c  o x i d a t i o n  a s  w e l l  a s  t o  i n c r e a s e d  g l u -  
c o n e o g o n e s i s  f r o m  a m i n o  a c i d e *  H o n e  o f  t h e s e  c h a n g e s  o c c u r  
i n  t h e  a d r e n a l a c t o m l e e d  o r  h y p o p h y s e o t o m i s e d  a n i m a l .
3  )  B r e a k - d o w n  o f  t i s s u e  p r o t e i n s  w i t h  i n c r e a s e  i n  t h e  e x f f e t i o n
o f  u r e a  o c c u r s ,  T h i s  I s  p a r t i a l l y  d e p e n d e n t  u p o n  a n  i n t a c t  
p i t u i t a r y - a d r e n a l  a t i s *
4 )  O x i d a t i v e  p h o s p h o r y l a t i o n  i n  i s o l a t e d  m i t o c h o n d r i a  d e c r e a s e s *  
1% 1B  m a y  b e  d u e  t o  l o s s  o f  c y t o c h r o m e  0 ,  s i n c e  i t  c a n  b e  p a r t i a l l y  
o f f s e t  b y  a d d i t i o n  o f  p u r i f i e d  o y t o c h r o m e  0  t o  t h e  s y s t e m *
5 )  A l k a l i n e  p h o s p h a t a s e  i s  l o s t  f r o m  b o n e ;  l i v e r  t r a n s a m i n a s e s  
a r e  i n c r e a s e d ^  b u t  e q u a l l y  m a r k e d  e l e v a t i o n s  o c c u r  d u r i n g  
s t a r v a t i o n  o r  c o r t i s o n e  a d m i n i s t r â t  i o n  *
6 )  I n c r e a s e s  o c c u r  i n  a d e n o s i n e  t r i p h o s p h a t a s e  a n d  9 ^ ' - % G l e o -
t i d a s e  o f  sp le e n  when t h e  w h o l e  anim al i s  i r r a d i a t e d  but n o t  
w h e n  r a d i a t i o n  i s  co n fin ed  t o  th e  s p l e e n  a l o n e ®
7 )  I t  i s  a  d i f f l e u l t  m a t t e r  t o  s e p a r a t e  t h e  e f f e c t s  o f  r a d i a t i o n  
u p o n  a n  o r g a n  f r o m  t h o s e  o o c u r r l n g  i n  n o n - s p e o i f i o  s t r e s s  r e — 
a c t  i o n s  o r  a s  a  r e s p o n s e  t o  d a m a g e  t o  n e i g h b o u r i n g  o r  d i s t a n t  
p a r t s *
OP mDiA'riom worn Buoimsina
1 * Hiboitucloasas
a) In Vitro Studiea
A Gomparlson of various a lto ra tlo n s  oocurring in  so lu tions of 
panoraatic Jilhlmo exposed to  ir ra d ia tio n  under aerobia and aimerobio 
conditions pointed to  a non-specific pro tein  dénaturation in  the l a t t e r  
v/hile epeoific oxidative e ffe c ts  were foimd in  the forraer (Homani and 
f appel ÿ 1959 % When solu tions of îMâase were ir ra d ia te d  by X-? 
o r Y«* rad ia tion  g the inac tiva tion  which re su lte4&ould be reproduced by 
chemically-induced free  rad ica ls ; protectlozi against rad ia tio n  and free  
rad ica la  was afforded by the addition  of a disulphide compound (Drighentl 
and Falasohij 1962 ), When dry IW aee was irrad iated^ the presence of 
oxygen g rea tly  reduced the subsequent ensytae a c tiv ity  while n i t r i c  oxide ^  
i f  present during irrad ia tion^  had a p ro tective e f fe c t . Changes in  
electron  spin resonance demonstrated a co rre la tion  between lo ss  of 
a e tiv ity  and stab le  fre e  rad ica l production (Hunt5 ï ï i l l  and Williams^
196a ) ,
Controversy existe as to the nature of the chemical changes resulting, 
Evidence was produced suggesting that -4M bonds are ruptured and that as 
a consequence a mmiber of the non-lonlsed tyrosine residues are exterior- 
ieed and subsequently ionised (Williams and Hunt3 1963 )» This view was 
refuted by Hayden and Friedberg (I9 6 4 ) who claimed that3 with donee of 
Y-radiation up to 45 megarade, solid EHAasa was resistant to splittin^ g of 
disulphlde links3 and that when the emyme wae irra d ia te d  in solu tion , 
the rate of destruction of amino acids ran parallel to the decrease in
6 3
"hard to  exolmnge amide Eowever, support has come from
fliio r ira e tr lo  assay , and exam ination o f  th e  d if fe re n c e  Bpeotrum o f  
i r r a d ia te d  RHAaae, th e se  p roeednras dem onstrating a l in e a r  deoroaae o f  
ty ro s in e  con ten t w ith  in c reased  r a d ia t io n  dosage which e x tra p o la te s  to  
a  lo s s  o f  3 ty ro s in e  re s id u e s  a t  lOOfS in a c tiv a t io n  (Bmlth and Adel s te in ,  
1965 ).
Tm  e ther s tu d ie s  have produced in te re s t in g  r e s u l t s ,  though a t  
mega,rad doses. EHAase in  aqueous so lu tio n  shows aggrega tion  in  th e  
absence o f ox;ygen; an iiio -ao id  a n a ly s is  o f  the  aggregate  demonstizatod 
th a t  1 ly s in e  re s id u e  p e r  m olecule had been oheraloally a l te r e d  (S hap ira , 
1 9 6 3 ) .  When s u b s tra te  analogues co m p etitiv e ly  in h ib i t in g  EHAase were 
added to  so lu tio n s  undergoing Y - ir ra d ia tio n , p^yrlmidinG, bu t not p u rin e , 
analogues showed a  c o r r e la t io n  between rad io p ro te o tiv e  e f f e c t  and 
In h ib ito ry  ca p ac ity ; a  new p ro te in  w ith  d i s t in c t  u l t r a o a n tr i fu g a l ,  
chromatographio and e le o tro p h o re tio  p ro p e r tie s  but ivlth f u l l  en%miic 
cap ac ity  was ia o la to d  from so lu tio n s  i r r a d ia te d  in  th e  presence o f 2* 
{■**3* ) - a y t id y l ia  a c id  (Wkita and Waku, I 96 4  X
b ) Animal ExperimentB
I'he a c t iv i ty  of Hi'Aase per mg. n itro g en  a f t e r  600 ^:p6hole body
ra d ia t io n  was measured a t  pE 6 .0  in  r a t  l i v e r  hoBïogenatos; a s l ig h t
o le  va t ion  during  th e  f i r s t  th re e  post-erad iation  clays wan follow ed by a
f a l l  to  25/J o f th e  normal a c t i v i t y  by th e  8 th  day, w ith  a r e tu rn  to
values co n sid erab ly  above those  o f  co n tro ls  by th e  12th day (Both,
Fdühel, Wase, iU per, and Boyd, 1953 In  a l a t e r  r e p o r t ,  Both (1 9 5 6 b)
s ta te d  th a t  a  s l i g h t  f a l l  in  l i v e r  m itochondrial REAase measured a t  pH 
amide hydrogens of glutam ine and asparag ine
b/i 4
5»8 ooôurred during  th e  f i r s t  th re e  days a f t e r  ra d ia t io n  bu t th e  a c t iv i ty  
a t  pH T#8 f e l l  to  48/5 o f  th e  oon tro l value a t  day 5, recovering  once 
again  by û.aj 12; th e  con ten t o f  îBîâaoe in h ib i to r  in  th e  su perna tan t 
dooreaseil a f t e r  24 hours b u t was nomaX by th e  second day*
When r a t s  were g iven ?ODr whole body ra d ia t io n  th o re  was a  marked 
s h i f t  in  ensyme a c t iv i ty  o f  sp leen  homogenatee from n u c le i and p a r t ic le s  
to  superna tan t which, a t  64  hours, had doubled i t s  percentage shaz^e o f  
th e  whole homogonate a c t iv i ty  (Both and E ic h e l, 1958 )« % e s p e c if ic  
a c t iv i ty  o f  th e  whole sp leen  homogonate based upon n itro g en  con ten t had 
doubled by 16 Hours, but a t  6 4  hours Imd f a l le n  below th e  co n tro l valuer 
The a c t iv i ty  o f  th e  whole sp leen  a t  16 hours had r i s e n  by 54^ ,  rep re se n tin g  
a  clear* case o f  enayme a c t iv a t io n  (Roth ami E io h e l, 1959
Weymouth (1958) has pub lished  th e  r e s u l t s  o f a  d e ta ile d  in v e s tig a tio n  
in to  th e  of fo o ts  o f  r a d ia t io n  upon mouse thymis nucleases* A fte r  160-1*, 
inoraaead  a c t iv i ty  o f  bo th  BiAases p e r rog* M k  was found, beginning a t  
20 m inutes a f t e r  ra d ia t io n  fo r  alk* HMase and 8 hours a f t e r  f o r  ac id  
HBAase. S im ila r , bu t l e s s  pronounced, changes were provoked by in je c t in g  
hyclro co rtiso n e  * The au tho r concluded th a t  in e reao s in  alk* BHAaoa was
l ik e ly  to  be due to  d e s tru c tio n  o f  an in h ib i to r ,  while in c rease  in  ao id  
Hfâase was probably r e la te d  to  s h i f t s  in  th e  c e l l  popu la tion  o f  th e  organ* 
The r e s u l t s  c i te d  above have rece ived  confl3m ation in  an ex tensive  
re p o r t by i%.6r and Alexander (1963 ) who found no change in  r a t  l i v e r  and 
k idney W A m o  and on ly  sm all changea in  b ra in  RHAaae a f t e r  580-1000 r  
whole body r a d ia t io n .  A r i s e  in  a c t iv i ty  o f the  whole thymus MAase 
Was found, th e  co n cen tra tio n  p e r c e l l  ino reaeing  4 0 0 -fold® %hole sp leen  
a c t iv i ty  was unchanged bu t th e  co n cen tra tio n  p e r c e l l  in c reased  '
\ \
/;% e e le v a tio n s  in  a c t iv i ty  o f  thyimis vml sp leen  EMiases vmre I bbb when 
;.: a 'ra d ia tio ii  was confined to  tho  head , and were fu rther- dim inished when whole
jf 'i(o d y  ra d ia t io n  v/as ad ia in ista rad  w ith  k o ad -sh ie ld liv j, hCit th e se  m o d iflaa tlo n s
y  y
/  /J d id  no t alt03? th e  loao  o f w eight, o f  f l â ,  and o f c o l ls  in  th e  two organs*
" Two re p o r ts  o f  work ou t w ith th e  animal klragdom m e rit a t te n t io n  «
l%en eeed li% 8  o f  Zea mays were i r r a d ia te d ,  HlAaee a c t iv i ty  was Inoreased  
in  th e  m eristem atlo  t i s s u e s  and decreased  in  th e  Boutallum, hu t th e  
d ia tr ih u tio r i  o f  th e  en^ iymio between a id )ce llu la r  f r a c t io n s  was u n a lte re d  
, (Ohorry, Hageman and Hanson, 1962 X Hurvlvai o f i r r a d ia te d  E. OoXl was 
/in c re a se d  ton*^foId when MAaee was added to  th e  medium, t h i s  e f f e c t  being  
accompanied by break-^down o f  ri'boBoaal Ï1HA iniio su h -m iits ; i t  v/as suggested 
th a t  t h i s  may perm it th e  sa lvage o f IMâ damaged by th e  r a d ia t io n  
( Gardner*, 1963).
2. B ooï^ribonucleasee 
a )  In  v i t ro  S tud ies
P au crea tio  HHAasa I  i s  In a c tiv a te d  by io n is in g  a?adiation, an In crease  
in  th e  r a te  even a t  low doses being  observed in  th e  presence o f oxygen 
(B u tle r  and Robins, 15)62)® A dsorption o f th e  on&yme on to  v ario u s 
su rface s  ex e rc ised  a  p ro te c tiv e  e f f e c t  which may have ro le  van ce f o r  
bound in tm c e llu la j?  3)Maee X (F le tc h e r  and Okada, 1962 )» l% ile  i r r a d ­
ia t io n  d es tro y s  th e  c a ta ly t i c  fu n c tio n  o f  MAas© X, i t s  a b i l i t y  to  b ind  
w ith  s u b s tra te  i s  a c tu a l ly  In creased  (Okada .and P le to h s r , 1962 % Such 
in o rease  in  form ation  o f ensytne-Bubs t r a t e  complex a lso  fo llow s I r r a d ia t io n  
o f  th© s u b s tra te  (Cicada, Kraims and G assner, I 9 6 O X
Exposure of is o la te d  r a t  l i v e r  m itochondria to  la rg e  doses o f
Y-rays intiuoed an inoreas© in  th e  le v e l o f BMase I I ;  oubsequent 
trea tm en t w ith  son ic  v ib ra tio n s  r a is e d  th e  le v e l s t i l l  further®  Tho 
/  a c t iv i ty  could not bo a t t r ib u te d  to  s o lu b i l is a t io n  o f  th e  ensyme, which 
s t i l l  remained a tta c h ed  to  m itochondria l membraneB® ^M rprlslng ly , when 
th e  whole homogenate was i r r a d ia te d ,  no in c rease  in  DMAas© XX a c t iv i ty  
was found, th e  au th o rs suggesting  th a t  th e  m itochondria m ight be p ro tec ted  
by u n id e n tif ie d  f a c to r s  in  th e  liomogenate*
b) M s 3 - . J s s $ â i â s i â
When r a t s  were exposed to  a  s l ig h t  and m nsign ifioan t e le v a tio n
o f l iv e r  DKâaso X v/as found, MAase XX showing no change; in  th e  sp leen , 
on th e  o th e r  hand, tho  DMaso I  a c t iv i ty  was depressed and th e  s p e c if io  
a c t iv i ty  o f IMAase I I  p er mg* n itro g en  was B ig n if ie a n tly  in c reased ; b u t 
wheïjÆhe l a t t e r  was r e la te d  to  th e  t o t a l  weight o f  tho  organ, no change was 
apparen t (D ouglass, F e l la s ,  Meschan and Pay, 1954 ; ï>*ellas, Mesohan, Pay 
and D ouglass, 1 9 5 4  I Douglass and Bay, 1955
Assay o f r a t  sp leen  homogenate prepared 30 m inutes a f t e r  r a d ia t io n  
dem onstrated a s h i f t  in  th e  pH optimum o f  Blîâase I I  towards the  field s id e , 
th ie  s h i f t  being  p ro p o rtio n a l to  th e  do so adm inistered  and p o ss ib ly  due 
to  s o lu b i l is a t io n  o f a  m itochondria l enzyme, ainco th e  percentage o f th e  
whole homogencit© a c t iv i ty  recovered  in  th e  sux^erm tant v/as g re a t ly  
in c reased  (O o u tie r -F lro tte  and Thonnard, 1956). A comparable study  in  
r a t  l i v e r  showed tho  appearance o f  a  second pe^dc o f BMase IX a c t iv i ty  
a t t r ib u te d  to  unmasking o f in a c tiv a te d  ongyiae by d e s tru c tio n  o f an
In h ib i to r  (O ou tier and G o u tie r -P iro tte ,  1957 'h
ihen  r a t s  were exposed to  7 5 0  ^  whole body r a d ia t io n , a two—fo ld
67®
in c re a se  in  DMaee XX a c t iv i ty  o f  sp leen  ami thymus was d e tec ted  and 
was accompanied by an in c rease  in  deascyriboBS c leriva tivos in  th e  tis su eB , 
b u t no changes were found in  l i v e r  and liidney (Okada, Gordon, King and 
Hempelmann, 1 9 5 7 ) .  These workers found th a t  cy s te in e  had no e f f e c t  
upon DNAase XI a c t iv i ty ,  b u t in  a re-exam ination  o f  t h i s  problem,
Ctoutier ( 1 9 5 9 ) found th a t  a c t iv i ty  in  th e  sp leen  o f  r a t s  g iven a pro­
te c t iv e  in je c t io n  o f c y s tin e  d ihydroch lo ride  d id  not r i s e  beyond; 2 days 
a f t e r  8gO r , whereas t h i s  e le v a tio n  continued in  u n p ro tec ted  animals* 
Although DMase I I  a c t iv i ty  o f  sucrose homogenatee o f  r a t  sp leen  i s  le a s  
than  th a t  o f  aqueous homogenatea o f th e  same organs, th e  r e la t iv e  Increase  
in  Dlâaae I I  a f t e r  r a d ia t io n  i s  more pronounoed when th e  sp leens o f t e s t  
and co n tro l anim als a re  homogenised in  sucrose (Okada, Schlegel and 
HempelBmnii, 1958 }* F a r th e r  work by th e se  invostiga/aors on th e  e f f e c t s  
o f  r a d ia t io n  upon r a t  sp leen  and thymus dem onstrated t h a t ,  w hile th e  
B peolfio a c t iv i ty  was e le v a te d , th e  t o t a l  organ a c t iv i ty  f e l l  to  one- 
th i r d  o f co n tro l values by th e  7 th  day. In je c t io n  o f c o rtiso n e  caused 
in c re a se s  in  th e  s p e c if ic  a c t i v i t y  o f  DMase I I  In  sp leen  and tîiymus 
comparable to  those  oeourring  a f t e r  æ*acllation; and even when th e  tiiyraus 
was sh ie ld ed , sp o o if ic  a c t i v i t y  o f  DNAase I I  o f  t h i s  organ was s t i l l  
considerab ly  e lev a ted  (Gordon, Gs^ssner, Okada and Hompelmann, 1959 )» 
Evidence from hlstocbem ioal In v e s tig a tIo n s  p o in ts  to  lo c a l i s a t io n  o f  
r a d io r e s is ta n t  c e l l s  r i c h  in  DNAase I I  w ith lo s s  of rc td io -een s itiv e  
c e l l s  poor in  t h i s  enzyme a s  an Im portant mechanism in  th e  in c reased  
s p e c if io  a c t iv i ty  o f  DNAase I I  in  r a t  sp leen  and thymus (A ld ridge , 
Ilempelmann and Emmel, i 9 6 0  % w hile a  s h i f t  o f a c t iv i ty  from n u c le i and 
p a r t ic le s  to  superna tan t i s  a  su b s id ia ry  mechanism in  sp leen  (Roth and
60.
H ilto n , 1 9 6 3  X The viov/ th a t  inoreaaed  DNAase I I  ep e o if io  a o t iv i ty  in  
thyrftUB a f t e r  r a d ia t io n  i s  duo to  changes in  the  c e l l  popu la tion  d e riv e s  
support from th e  work o f  Weymouth (1958) in  m ice.
A d if fe re n t  view has been pu t forw ard by Kurniok and h ie  a s s o c ia te s , 
who examined th e  e f f e c t s  o f  r a d ia t io n  on a la rg e  ee rieo  o f  mouso tis su e s*  
Enormous in c re a se s  in  ao id  DNAase o f  sp leen , thymus, and bone marrow 
r e la t iv e  to  DNA co n ten t occurred  a f t e r  r a d ia t io n , &md could be c u r ta i le d  
by in je c t in g  bone-murrow c e l l s  from h ea lth y  co n tro l an im als, o r , in  th e  
oaso o f th e  thymus, by sh ie ld in g  th e  organ; fov; changes occurred  in  the  
l i v e r  o r  k idney . Because th e  le v e l o f  DNAase I  inhib itor? o f  sp leen  
f e l l  w ith  i r r a d ia t io n  and ro se  to  normal subsequent upon in je c t io n  o f  
marrow c e l l s ,  d e s tru c tio n  o f  a s im ila r  and h i th e r to  u n id e n tif ie d  in h ib i to r  
o f  DNAase I I  was p o s tu la te d  (iCurnick, Massey and Sandeen, 1958 | 1959 X 
This suggestion  has however boon m odified aa a  r e s u l t  o f  f u r th e r  work on 
mouse sp leen  a f t e r  whole body r a d ia t io n  w ith and w ithout sp leen  sh ie ld in g , 
and r a d ia tio n  to  sp leen  alone* When th e  sp leen  i s  d i r e c t ly  to ? a d ia te d , 
th e re  i s  a  lo s s  o f  lymphocytes poor in  DNAase XX to g e th e r  w ith  in a c tiv a t io n  
o f  th e  ensyme in  th e  DNAase I I  -  r ic h  c e l l s  rem aining, so th a t  th e  o v e ra ll 
a c t iv i ty  p e r  c o l l  i s  unchanged# fhen  whole body i r r a d ia t io n  w ith sp leen  
sl).iclding i s  c a r r ie d  o u t, an even g re a te r  lo s s  o f  DNAase IX -  poor lympho­
cy tes  ta k es  p lace  w hile th e  a c t i v i t y  o f  th e  rem aining c a l l s  i s  in c reased , 
lead in g  to  an enormous in c re a se  in  th e  a c t iv i ty  o f  t>ie organ when measured
p e r  c e l l ,  t h i s  in c re a se  being  p ro p o rtio n a l to  th e  dose o f  X-rays up to
■/j
8 0 0 r  (iCurnick, Massey and Montano, I 9 6 0  $ Kurnick and Hokmy, 1 9 6 8  X
i t  i s  c le a r  from th e  work c i te d  above th a t  th e  normal l i v e r  shows 
l i t t l e  s e n s i t iv i ty  to  r a d ia t io n ,  f o r  which reason  i t  i s  o f  sp e c ia l in te r e s t
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th a t  O D u tie r-P iro tte  and G outler ,{1962 ) have demcmetratad what th ey  
b e liev e  to  he a le s io n  o f  th é  lyoosomes In  I r r a d ia te d  re g en e ra tin g  r a t  
l i v e r .  T his a t  any r a te  i s  t h e i r  in te rp r e ta t io n  f o r  a doubling o f  th e  
percentage o f  th e  t o t a l  DNAase I I  content o f th e  homogenat© recoverah lo  
in  th e  superna tan t f r a c t io n  when reg en e ra tin g  r a t  l i v e r  was ir r a d ia te d  
w ith in  18 hoars o f  hepatootomy* M though normal l i v e r  does n e t demon­
s t r a t e  th i s  e f f e c t ,  a l a t e n t  le s io n  must e x i s t ,  s in ce  id e n tic a l  f in d in g s  
wore ob ta ined  i f  hopateotomy was c a rr ie d  out two hours a f t e r  i r r a d ia t io n .
A dm in istra tion  o f 700 r  to  r a t s  bs/ought about a  g radual e le v a tio n  in  
th e  u r in a ry  DN/iase X e x c re tio n  to  g tim es th e  p r e - i r r a d ia t io n  le v e l by 
th e  5 th  day, th e  le v e l rem aining high fo r  a  f u r th e r  8 days® On th e  o th e r  
hand th e  le v e l o f u r in a ry  DNAase I I  ro se  to  5 tim es th e  b asa l le v e l  a t  
18 hours, and was noimial once more by i)he 9 th  day. When 300r were 
ad m in iste red , no change was d e te c te d  in  u r in a ry  DNAase I ,  and th e  le v e l 
o f  MAase I I  was only above th a t  o f  th e  co n tro l p erio d  a t  18 hours 
(iCowlossar, Altman and Hempolmann, 1953 I 1954 X A fte r  an u n sp eo ified  
dose o f r a d ia t io n ,  r a t  plasma DMase Ï  was doubled a t  18 hours and 5 tim es 
th e  b asa l le v e l a t  6 days, whereas WAaoe I I  was te n  tim es e lev a ted  a t  
18 hours ami only  4 tim es th e  b a sa l le v e l  a t  6 days (îCovylesaar, lltm ann  
and Ilempelmann, 1955 X The in c re a se  in  serum and u rin e  DNAases occurs 
when splenoatom ised r a t s  a re  subjected to  i r r a d ia t io n ;  moreover, 
splenectomy by i t s e l f  r a i s e s  DNAase a c t i v i t i e s  in  seaxm and u rin e  to  th e  
same ex ten t a s  ii^ rad ia tio n , from v/hich i t  was concluded th a t  i r r a d ia t io n  
perform s a fu n c tio n a l aplem otom y r e s u l t in g  in lo s s  o f  m etabolic  
re g u la tio n  o f  enzyme a c t iv i ty  by th e  sp leen  (dovanovlo and ?onoina, 1 9 5 9  X
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Scop© o f  F réson t Work
The p re se n t in v e s tig a tio n  v/as im dertekeii in  an a ttem pt to  o b ta in  
d a ta  which might a s s i s t  in  p rov id ing  waBxwvB to  o o r ta ln  q u estio n s 
reg ard in g  th e  hehsiviour o f  nuoleaoes, th e  r e la te d  enzyme adenosine 
deaminase, and p o ss ib le  break-down products derived  from DM oataholism , 
in  sev era l human t is s u e s  Bubjeoted to  a  mmber o f  d iseased  s ta te s  w ith  
p a r t io u la r  rafo renco  to  h y p e rp la s tio  and n e o p la s tia  involvement* The 
q uestio n s to  which answers were sought v/ore as  fo llo w s:
1) What i s  th e  le v e l and d is t r ib u t io n  o f  th e se  ensyiaes in  th e  normal
oytoplaea o f  those t i s s u e s ,  and what changes in  le v e l  and d is ­
t r ib u t io n  occur in  h y p e rp lae tio  and n e o p la s tic  s ta te s ?
2) % a t  a re  th e  e f f e c ts  o f  thera^poutio r a d ia t io n  ux^on tho  le v e l  and
d is t r ib u t io n  o f  th e se  ensymes in  m alignant t i s s u e s ,  in  the  blood
serum, and in  t h e i r  e x c re tio n  along w ith DMA m e tab o lite s  in  th e  
u rin e?
I t  was hoped th a t  d a ta  p e r tin e n t to  th e  f i r s t  q u estio n  might a lso  
throw some l ig h t  upon th e  in t r a c e l lu la r  fu n c tio n  o f th ese  ensymes and 
upon p o ss ib le  le s io n s  in  n u c le ic -a c id  ositabolism a r is in g  as prim ary o r  
secondary fe a tu re s  o f  m alignant g m vjtlu  From th e se  co n s id érâ t io n s i t  
might be expected th a t  su g g estio n s lead in g  to  th e  develoxment o f  d iag­
n o s t ic  t e s t s  f o r  th e  d e te c t io n  o f  malignancy would p re se n t them selves; 
and c le a r  p roof o f  an enBymological le s io n  would be an obvious ta rg e t  
a t  which ra t io n a l  therapy  could be d ire c te d . Moreover, comparison o f 
a  spectrum o f  ensymes in  se v e ra l q u ite  d i f f e re n t  t i s s u e s  and oancora 
th e re o f  might g ive an in d ic a t io n  o f  a  p a t te rn  o f  behaviour oommon to
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human oaa^cinoraata, o r  a l te r n a te ly  might p o in t to  th e  la c k  o f  a u n ify in g  
fe a tu re  in  th e se  conditions-»
Bo f a r  as  th e  second q u e s tio n  ?;as concerned, i t  was not unreasonable 
to  assume th a t  ouch an In v e s tig a tio n , w hile u n lik e ly  to  rev ea l th e  n a tu re  
o f  the  i n i t i a l  le s io n  in  r a d ia t io n ,  might a t  l e a s t  provide some in s ig h t 
in to  p o ss ib le  m o d ifica tio n s o f  th e  enzyme con ten t o f  tumours ocoasloned 
by I t s  use® Buoh changes, e i th e r  in  th e  tumour I t s e l f ,  03? in  th e  le v e ls  
o f  ensyme a c t iv i ty  in  t i s s u e  f lu id s  and u r in e , might suggest th e  im port- 
ance o f c e r ta in  enzymes in  tumour m etabolism , and might form th e  b a s is  
f o r  sim ple la b o ra to ry  prooedures th a t  could be used to  ev a lu a te  th e  
raeponsa o f  a x>ationt to  th e ra p e u tic  radiation®
To th e se  ends, samples o f th re e  q u ite  d i f f e re n t  human t i s s u e s  were 
examined, th e se  being  an endocrine gland -  th e  th y ro id ; an oxoorlne 
gland -  th e  b re a s t ;  and an e p i th e l i a l  t i s s u e  -  th e  c e rv ix  u t e r i .  In  
a d d itio n , th e  e f f e c t  a o f  r a d ia t io n  wore s tu d ied  in  tm m urs o f  th e  l a t t e r  
organ and in  th e  blood serum and u r in e  o f  p a t ie n ts  bearing  such tumours*
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%8'oimene o f  Hmum W o a e t, c e rv ix  u t e r i  » and t% r o lê  g land  were 
ob ta ined  iix -the - f r e s h  s ta te  from p a t ie n ts  undergoing o p era tiv e  prooeeduros 
Qv radiw a jiap lan tatlon#  w ith  th e  axeoptlon  o f th e  normal t% ro id  glm ids 
employed f o r  study o f DM - bontent# -%ese were romoved post#mortem w ith in  
12 ho u rs  o f  death#
■ Thyroid..(^l,end
A t o t a l  o f  -20 speoim m s was obtedned from -patiexxta in  whom th e  
g land  wae removed beoaus© o f  f a i l u r e  to  ■control th e  symptoms o f  
to x ic o s is  by medioal memo* î l is to lo g io a l  exmmination rev ea led  th e  
f e a tu re s  o f  t liy ro to x lc o s is  in  th e s e  specimens # namely e p i th e l i a l  hyper* 
p la s ia  w ith p a p illa x y  growth in to  th e  v e s ic le s ,  and a rea s  o f  fo c a l thy ro id*  
i t  is*  # ie  s e v e r ity  o f  th e se  two cha% es v a r ie d  enortuously from glexid 
to  gl^md, bu t w ith in  th e  seme g land those  chm gos ware uniform ly p re se n t 
to  th e  same e x te n t .
fen  samples o f  th y ro id  adenomata were ob ta ined  from 9 p a t ie n ts ;  two 
o f  th e  adenomata were removed from # e  same patioxxt at. th e  same tim e , 
were fotuid to  Imve q u ite  d i f f e r e n t  m orphologloal and h is to lo g ic a l  fea tu re s#  
and were o ltu a te d  in  d i f f e r e n t  lo b es o f  the  th y ro id  g land , hence each was 
t r e a te d  a# a  se p a ra te  sample.# Of th e s e  ten  smnplesf e ig h t wore d is c re te  
■solitary adenomata end two co n s is te d  o f  g lands rep la ced  by m u ltip le  
adenomata. One smnple c o n s is te d  o f a  well'^defimad H u rtlile -c o ll adenoma; 
f o r  th e  remainder# th e  h is to lo g ic a l  changce d isp lay ed  marked h e te ro g e n e ity .
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vary in g  degrees o f  oyst fo rm atio n , o a lo if ia a t io B , atrom ai tlegonera tion , 
haemorrhaglo n e o ro s la , and focal tl^ ro id itia .
Four glands taken from patients with Haahimoto'a t% m id itle  were 
atudled* #iese tissues were maorosooploally homogeneous, and on hiato- 
logioal examination displayed the oh&raoteristlo intense rouM -cell 
In filtra tio n  found in  th is  condition, with varying degrees of âskanasy- 
Cell ohange#
Samples of thyroid earainomata wore obtained from 5 patients# In 
four, the lesion was a primary one situated in the tigroid gland i t s e lf ;  
in  the f i f th ,  the lesion was a metastasis to a neighbouring lymph*modo, 
the eubstanoe of which was en tirely  replaced by adenocarcinoma of tigroid# 
Three of the primaries were papillary adenooarelnomata; the fourth was 
a hi^iXy anaplastic tumour with many mitoses azid aberrant cells#
Samples of normal thyroid tissue were obtained from four of the 
patients with carcinoma and from 6 of the patients v/ith a so litary  adenoma 
Histological examination confirmed tha t the tissue was essentially  normal 
and was not involved in  the pathological process which occasioned the 
removal of the gland#
above material comprises those tissues used in  the study of the 
engy&ie ectivl%  of the tigroid  gland and I ts  distribution within the sub- 
cellu lar fractions of the cytoplasm# Henceforth, th is  material w ill be 
referred to as the F irs t Series# 4 representative examplo of each 
histological type i s  shown in hi#%epower magnifieation in Figure 6.
Upon OQlleotiont the semples were placed im ioe-oold d is tille d  water 
and washed repeatecUy un til no furtlier blood could be removed from the 
tiasu©, whereupon they were thoroughly dried on absorbent paper, weighed,
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FlgPaS 6a 
NORUàL TUTüOID
The o e lls  are uniform in eime, f la t  in shape, and the vesiclea
axe v e il f i l l e d  with 'Colloid*.
yFIGURE 6b 
TOXIC THYROID
This gland display a marked Igperplasim of the tigroid epithelium# 
The c e lls  are columnar, and the ratio of cytoplasm to nuoleus i s  
inoreased# The vesic les  are defieient in *Colloid* and there i s  
s ligh tly  inorecLsed stroma between the vesicles#
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FIGURE 6a
TOXIC TfiYEOID
Another sample of a hyperplastic gland taken from a patient with 
thyrotoxicosis# In addition to the features described in 6b, there 
axe many c e lls ,  especially to the right of the f ie ld , idiose nuclei 
are very much larger than those of normal ct 11s#
I
gIGÜRB 6d 
TOXIC THYROID
This specimen bears no reoemblance to those shown in 6b and 6c# 
H istologically speaking, i t  i s  more 'normal* than the 'normal* 
gland shown in 6a# Yet the subject was c lin ic a lly  thyrotoxio, 
and the diagnosis was confirmed by laboratory procedures#
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FIGURE 6e 
THYROID ADEEOHA
Thia fie ld  ehows an area of micro» and macro-acini bounded by 
c e lls  which are noraal in appearance# The ratio of oytoplaem 
to nucleus i s  essen tia lly  normal# 'Colloid* Storage i s  dimin­
ished and the architecture of the gland has largely disappeared# 
About 50  ^ o f the f ie ld  consists of oedematous stromal tissue#
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FIQURB 6 f  
THYROID ADEVOHA 
The c e ll type in th is  adenoma i s  muoh f la tte r  than that of 
the previous adenoma shown in 6e« A large area of haesw 
orrhagio degeneration may be seen in the bottom left-hand
ooxner#
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FIGURE 6g 
HUSTHLE CELL AD9ICHA 
The arohiteotuxe of the thyroid i s  completely lo s t  in  th is  
tumour ehioh i s  re la tive ly  homogemeous, and i s  composed of 
large c e lls  with normal nuclei and an increased ratio of
cytoplasm to nucleus.
wi im ^  A
THTRcID CARCIMOMA 
This f ie ld  shove part of s  p t^ lla iy  eereiri 
o e lle  ere large, with enormous Buolei, end 
beokbooe o f fibrous etrosm.
of thyroid# The 
supported on u
i
m
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FIGURE 61 
THYROID CARCINOMA 
This f ie ld  i s  taken from the same papillazy oaroiaoms ms was 
shown in  6h. Am area of hyaline degeneration i s  apparmmt in
the lower l e f t  quadrant*
j i s m .  Ü
HÂSHDYOTO'S THYROIDITIS 
The o e lle  found in  the thyroid in  thia condition oompxiee large 
numbers of lymphocytes. These contain a mere rim of cytoplasm 
outside a nucleus shioh tends to be smaller than that of the 
normal thyroid epithelium. A moll-organised lymphoid f o l l ic le  
may be seen in  the upper l e f t  quadrant.
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FIGURE 6k 
HASHIHOrO'S THYROIDITIS 
In addition to the feat urea deeoribed in 6j for the previous 
example o f th is  condition# the glai^ In the present subject 
displays the presenoe of groups of ep ith elia l o e lls  with 
inoreased oytoplasm, and morphologioally similar to those 
oomprising the HQrthle Cell Menoma ( See 6g )•
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©torod at «•20^# Baoauae th e se  tis eu o a  wei^é removed p r in m 'ily  f o r  ro u tin e  
h iD to io ^ ica i ejcaM natkon, i t  was necessary  to  aw ait com pletion o f  c e r ta in  
fo rm a li t ie s  by th e  h i s to lo g is t  d u rin g  v?Iiioh in te rv a l  th e  m a te r ia l was 
k ep t a t  4^ in  a dom estic r e f r ig o ra to r#  The tiiîie e la p s in g  between removal
by th e  surgeon m d  d ep o s itio n  in  th e  deep^freeao was o f th e  o rd er of 
45 B arely  was mx in te rv a l  o f  one hour exceeded} on one occasion »
th o 'in t e r v a l  was more than  two hours#
Specimens'were kept a t  «20^ f o r  p e rio d s  o f  one to  fo u r  weeks#
?;ore removed a s  ro(^iired# allow ed to  thaw a t  room te ap o ra tu re  ^  minced by 
hand, t r a n s fe r re d  q u a n t i ta t iv e ly  to  a  v e sse l co n ta iïiin g  f iv e  volumes o f  
ic e -c o ld  sucrose# and homogenised fo r: thre#; #
■Bleudof Model Mo. 7700 employing cm shed ic e  a s  th e  r e iM # r a t 'i n g  agent#
#LO homogenate was c e n tr ifu g e d  far''10.:i(iin# à t ,,$00g' -Ih'' th e  'M#8 .B.
•Minor* C en trifuge  Model io* 84220 to  b r ih g  down th e  n u c le i  # t h i s  p ro - 
oeeduro being  c a rr ie d  out in  th e  h ig h tfo o t cold-room to  ensure r e f r ig e r ­
a t io n .  Tho imeedimonted cytoplasm  wao tra n a fo rro d  q u a n t l ta t iv o ly ,  
avo id ing  jm c lear contam ination# to  c lean  nylon c e n tr ifu g e  tu b e s . Three 
f r a c t io n s  wore prepared  from th e  cytoplasm  by f u r th e r  c e n tr ifu g a tio n  h i 
an lu8#£h • Buperapeed 1 7 ’ R e fr ig e ra te d  Oent3?ii'uge a t  4^* ^
chondria l"  f r a c t io n  was ob ta ined  by c e n tr ifu g a tio n  5?000g f o r  20 min# 
and from th e  unaedimented l iq u id  a  ’^Mioroscmsl** f ra c t io n  wan ob ta ined  by 
cen trifugatioE i f o r  60 mln# a t  35#GOQg* Tho misediniented l iq u id  su rv iv in g  
th i s  l e t t e r  c e n tr ifu g a tio n  io  d es ig n a ted  th e  Supernatant# Oc^e was taken 
to  ensure th a t  th e  se p a ra tio n  o f  unsedim ented frora sedimevited la y e rs  was 
q u a n t i ta t iv e ly  c a r r ie d  out w ith in  th e  l im ita t io n s  Imposed by th e  n e c e ss ity  
o f  avoid ing  contam ination o f  one f r a c t io n  by anothor*. A fter' c a l le o t io n .
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tkm  p re c ip ita te d , p a r t lo le a  were .iraChed se p a ra te ly  by -reeuapension in  a  
la rg e  volume o f i^ce-eolcl 0#251~-suoroeC and thoroughly d lopereed by euoking ■ 
them  ^.up and down :1m a Pm tour. p ip e tte *  # em u p o u  they ywere r e p re o ip ita te d  
by O0ntri.fUgatiou a t  35#0 # g  fo r ' one hour' a t  4^ . I ’ollow ing th is#  th e  
mmx)8e was decanted  and each  p a r t i c l e  :f^a.atioii was d isp e rsed  in  approp# 
r i s t e  volume o f  ioe*#oold d i s t i l l e d  water# th e  volume o f  th e  m spenslon  
th en  being  aeo u ra te ly  measured p r io r  to  ru p tu re  by u l t r a s o n io  d is in te g ra tio n ^  
f i l l s  was achieved by exposing th e  suspensions to  gOEo/seo luidar r e f r lg e r -  
ati.on  f o r  9 0  sec# i n  th e  b l tm s o n lc  .'D iain tegratlon  Model 6OW w ith
T itan im i V ib ra to r  f ro b e  o f  Bad % # e t e r  end & d  R a tio  lO&l* Rupture 
o f  th e  ^ÊitochomdrialM f r a c t io n  was àccsiapaniod by c l a r i f lo a t io n  o f th e  
suspension- and form ation  o f a  coagalum o f m itochondrial membranes which 
could  be removed w ithout.’d ifficu lty # - ' |îa  such ooagulm  appeared when th e  
"Microsomal** f r a c t io n  was rup tu red#  although c l a r i f i c a t io n  occurred  airaost 
to  th e  p o in t wlieré- the- f lu id  becaiae tra n sp a re n t •'
Iteytae assays were c a r r ie d  ou t cm th re e  f ra o tio n s  on th e  fo llow ing  
d a y  w ith  t h e  excep tion  o f adenosine deamimtse; t h i s  w a s  eatim atod  o n  an 
a l iq u o t  o f  Supernatant s to re d  a t  -20^ f o r  one to  fo u r  weeks* During th e  
12 h o u r s  el$pai%]g between c o m p l e t i o n  o f  th e  p r e p a r m t ; lo n  and com m encem ent 
o f  th e  ensymo aaaaye* th e  m a te r ia l  was s to re d  in  crushed ic e  and p laced  
in  a  dm aestic r e f r ig e r a to r  a t  4^#.
I n  a d d i t i o n  t o  th e ;  'm a t e r i a l  # f - t h e  f i r s t  B e r i o s ,  1 5  o t h e r  s p e c im e n s  
o f  t % r o i d  t i s s u e  w ere , e x a m in e d  ■ i n  ■ m  a t t e m p t  t o  s t u d y  t h e  i n f l u e n c e  o f  
c e l l u l a r i t y #  a s  m e a s u r e d  b y  D M  c o n t e n t #  u p o n  t h e  en zy m e  a c t i v i t y  o f  t h e  
g la n d *  T h e s e  t i s s u e s  c o n s i s t e d  o f  5  s a m p le s  r e m o v e d  f r o m  p a t i e n t s  u n d e r -  
g o i^ ig  s u r g i c a l  t r e a t m e n t  o f  t l i y r e t o x i c o a i s i  f i v e  s a m p le s  o f  s o l i t a r y
Yb.
th y ro id  adenomata# two o f which were from th e  eivao p a tie n t, but, p3:eGemto& 
q u ite  d i f f e r e n t  moj^phological and m icroscop ical f e a tu re s  I and  f iv e  eamplea 
o f  th y ro id  tle e u e  removed poet-mo3ztem from p a t ie n ts  succumbing to  d ise ase s  
n o t known to  a f f e c t  th e  endocrine system  in  a  sp ec ific -  fa sh io n  -  th e se  
samples being  regarded  as  "Hprmal" in  # a t  follow s* Tho. rem arks made 
concerning th e  h is to lo g ic a l  f e a tu re s  o f  th e  v a rio u s  t ia s u e s  hood in  th e  
F i r s t  S e r ie s  ajîply w ith  equal fo rc e  t o  th o se  o f  th e  Second S eries#
A fte r  c o l le c t io n ,  th e  sam ples were washed, d r ie d , v/eighed, mid s to re d
t ' '
ex a c tly  a s  d esc rib ed  previously*  On tho  day Of prep& ^ation, they  were 
removed from th e  deep#freew e, allow ed to  thaw a t. rooîi tem p era tu re , minced 
by handj t r a n s f e r r e d  q u a n t i ta t iv e ly  to  a  v e s se l co n ta in in g  10 volm iea o f  
ic e - c o ld  Oilg^l-potussium c h lo r id e  and horaogenisod f o r  f iv e , m n u te s  In on 
M*S*Ki B lender employing ic e  a s  th e  r e f r ig e r a t in g  ogexit*.
An a l iq u o t  o f  th e  liomogena.te was c e n tr iü ig ç d  f o r  one hour a t  35,OOOg 
in  tho  • Suporspeed 1? * R e fr ig e ra te d  O entrifugo a t  4^ ,  and th e
ro s u l t in g  Supernatan t was romovèd by P asteu r: p ip e t te  :lnto sm all p l a s t i c  
c o n ta in e rs  f o r  s to rag e  In  th e  deop-free& e a t  - 20^* Enayme assay s were 
C f^riod  ou t on th e  B upem atant one to  fo u r  weeks a f t e r  p repara tion*
From th e  rem ainder o f  th e  homogenate, q u ad ru p lic a te  a l iq u o ts  were taken  
f o r  e s tim a tio n  o f BîA by th e  methods o f  Ü o r io t t i  (1952) and o f  Itin ro  mid 
h i s  a s s o c ia te s  (H utchison and Munro 1961} F leck  and Munro 1962;
H all 1mm, F leck  and Mmiro I 963) .  D esp ite  in te n s iv e  re se a rc h , th e  method 
o f  O e r io t t i  (1952) could  n o t be made to  y ie ld  c o n s is te n t and rep ro d u c ib le  
r e s u l t s  and was r e lu c ta n t ly  abmxdoned. The method o f  Mumro, though more 
te d io u s , proved more re l ia b le *  A ll th e  Mh r e s u l t s  re p o rte d  In  t i l l s  
th e s is  have been d e riv ed  from t h i s  method v/hioh w il l  be d esc rib ed  l a t e r  
i n  t i l l s  section*
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A t o t a l  o f  25 apeoimena' were o b ta in ed  by c u re tta g e  from p a t ie n ts  
w ith  e s ta b lis h e d  osircinoma o f  th e  c e rv ix  under an aea tiie s ia  f o r  inom ?tlon 
o f tho  prim ary radium im plant# These epecisione comprise th e  F ro-H adia tion  
Beries* In  13 o f  th e se  p a t i e n t s ,  a  f u r th e r  sample was obtaigied. by 
c u re tta g e  one week l a t e r  a t  th e  tim e o f  in s e r t io n  o f  th e  second m d itm  
im plant* .In  3 o f th e  25* a second ©miple was ob ta ined  a t  th e  tim e of 
th e  second radium in s e r t  ion ,, bu t i n  th.ese tîire e  th e  Into^nral between th e  
two in so r tio n o  v/as fo u r  weeks, a^id in c lu d ed  a  throo-wook course o f  deep 
X-Roy therapy* A ll 15 em aples, ob ta ined  from p a t ie n ts  a lre a% ' su b jec ted  
to  rad ia tio n #  com prises tho  groiip \vhiph w il l  bo refex^rod to  a s  th e  P o s t-\ » K * r 3ea5P3*=B
R ad ia tio n  ; B erios *
A re p o r t  on tho  liis to lo g y  o f  th e  lo e io n  was a v a ila b le  in  evsa^y ease* 
T h is was based  upon b iopsy  m a te r ia l taken  one to  th re e  weeks b efo re  th e  
p a t ie n t  p resen ted  f o r  radium treatiuei^t* Two o f th e  25 le s io n s  were 
adenoca^cin i#a ta  and th e  rem ainder squamous carcinom ata o f  th e  cervix* 
S p ec ia l a t te n t io n  was devoted to  th e  degree o f  d i f f e r e n t ia t io n  o f  th e  
le sio n #  i t s  m ito t ic  a c t iv i ty  and i t s  in v asiv en eae , and w hether some o th e r  
f e a tu re  such a s  strom al r e a c t io n  o r  inflaimiiatosy re a c tio n  was prominent*
In  a d d itio n  to  th e  h is to lo g ic a l  f e a tu re s  o f  th e  tumour# in fo rm ation  was 
c a re fu l ly  gi^thered concerning th e  c l in i c a l  staglîxg o f  tho  d isease*  . T his 
i s  c a r r ie d  ou t accord ing  to  a  un iveraal/iy  rgreed c l a s s i f ic a t io n  (Hovak and 
noc#uff;#(%962)*
%G stamps reco g n ised  in  th e  p ro g ress ,.o f t h i s  d ise a se  am a s  follow s*
8 ta m  0: Oaroinoma In  S i tu .  S ta g e ..%» Ooïifineà to  c e rv ix . S tage 3 : The
tim our ex tends beyond th e  c e rv ix  b u t does no t reach  th e  p e lv ic  wall*
B t^ e .  38 Tîie tumour has spead to  th e  p e lv ic  w all* S ta^^ 4a The tumour 
in v o lv e s  rectum  o r  bladder# o r  both*
FIGURE 7a 
HORîaL CERVIX UTERI 
The Buperfioial c e lls  are f la t  or polygonal and are arranged 
in a regular pattern of stratifioation* Their nuclei are anall 
or absent, in contrast with the o e lls  of the baeal layer #iich  
have prominent se ll-s ta in in g  nuclei. The Junction with the 
underlying stroma i s  linear and well-defined.
MM
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CARCINOMA OF CERVIX UTERI 
This i s  an early lesion . The large bisarre o e lls  with peoul< 
iarly  shaped nuclei are v is ib le  in  the centre of the f ie ld .  
The pattern of ep ith elia l s tra tifica tion  i s  lo s t , and the 
junction between epithelium and stroma i s  irregular.
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A s e r ie s  o f  "Honaal" ©amploç, s ix te e n  in  a l l*  was ob ta ined  from
p a t ie n ts  m # r # i m g  .amputation o f  % erqei:.vlx u t e r i  as  p a r t  o f tho  
o p em tiv e  r e p a i r  o f  u te r in e  pro lapae* - .A wedge o f  t i s s u e  was■ cu t-from  th e  
.th e  in o ie io n  a s  M A oly-W:-#ô8ihIo;'''0p;. a s  to  ‘in c lu d e  a  
la rg o  ere:a#K  ::#urf€%ce - .epithelium  w #1i,4he .miMmui o f  tm to ly in g  f i b r e -  
im a W la r  iayer# -’  ^ A lth p u #  eye ç x m in a t im  th e  t i s s u e  t^ppeazed
m m a l  in  -all- 'caoes*  laleroeqopic o f  w ig h h o m in g  a rea s  re*
vOÊÛ.od “V aluing degrees- o f  ep itlio lia iie a tk o u jf  lnfiè#M%tôzy cîiauge, and 
llabo th ièn  f o l l i q i e  form ation  #  th e  m a jo rity  o f  speoimeus.#.
Ëéprâsentative ■ i 3.iu s tm tio n s  of the m aterial used are  shorn in  high 
power m agn ifica tion  in  figur©  ?<,
The t i s s u e  was p laced  in  ic e -c o ld  d i s t i l l e d  w ater a s  soon a s  i t  was 
removed from th e  p a t ie n t  m à  washed rep ea ted ly  to  remove a l l  h lo o d -o lo t 
and in fla im a to ry  exudate# I t  was d r ie d  thoroughly, on. absorbent paper# 
th e  biopsy shavings In  p a r t lm la - r  be ing  t r e a te d  w ith  g re a t ca re  and 
moulded in to  a  s o l id  lim p o f  m a te r ia l ^Vlilch remdemd the subsequent s te p s  
more manageable* After drying# the tiseues were weighed# and s to re d  I n  
th e  deep-freeae a t  -*H0  ^#
They vh m  removed a f t e r  m i in te rv a l  o f  7 to  10 days# t r m s f e r r e d  to  
a  f re e z in g  microtome Model Bo. 4400# and ou t in to  s e c tio n s  10-40
m icrons tM ck« T h e re a fte r  th e  .sec tions were q u a n ti ta t iv e ly  added to  a  
Imom volume o f  ic e -c o ld  0 #25M-Bum?oae and homogenised fo r  3 min* in  an. 
1*8.13. B lender. S epara tion  o f  th e  th re e  {^topla-smlc f r a c t io n s  was 
achieved employing tho  system o f  d i f f e r e n t ia l  c e n tr ifu g a tio n  d escrib ed  
p rev io u sly  f o r  Thyroids f i r s t  Berios* In  c e r ta in  samples o f  t i s s u e
e ,s S B a B » M G ra B S 9i 5=3
from c e rv ic a l carcinomata# th e  e ls e  d id  met w arran t an a ttem p t to  p repare
7 9 *
p a r tic u la te  fractions ' end the  Supernatant alqne was cplleot'ed; ,ln  o thers , 
the  slse, of the. p a r tic u la te  frao tlo n e  obtained did not warrant separate 
analysis#.,and.they were combined fo r  tî i ls  purpose,/being re fe rred  to  subi# 
sequent]^' as'•^Opmbined Fartidles"^^'_.  ^ ;
C o lleq tip n  o f  portioX qs from npepimens o f  Bormal oorv lx  gave r i s e  
t o  se r io u s  tçchniùcdL problems which qould  only  p a r t i a l l y  be overcome*
The p r in c ip a l  pÿ o b li#  .was, th a t  q f  obtMpiT:^. o- c le a r  l i n e  o f  dem arcation 
fo llo w in g  th e  f i r s t  o W tr lfu g a tio n  a t  gOOg occasioned by th e  presence o f  
co llag en  f ib r e s  in  la rg e  n m ib è rs t. _ ^3triiinin£>; th e  whole hompgenate th r o n g  
m uslin  o ffe re d  u  p a r t l i ^  s o lu t io n , b u t i t  was im possib le  to  s e le c t  a  
th ic k n e ss  o f  m uslin  w h i#  h e ld  back op ly  tho  co llag en  f ib r e s  and unbroken 
c e l l s  ; consequently  in  th o se  smnples wliere a  d e l ib e ra te  a ttem pt was made 
to  c o l le c t  p a r t i c l e  f r a c t io n s  q u a n t i ta t iv e ly , th e  p p s e ib i l i ty  has to  be 
adm itted  th a t, pm:haps a  th i r d  o f  th e  p a r t i c le s  were trap p ed  in  th e  m uslin , 
m* dragged down by th e  netvvorlc o f co llag en  whore tho  th ic k n ess  o f m uslin  
employed v/as n o t s u f f ic ie n t  to  exclude th i s  com pletely from tho  liomogenato 
p r io r  tp  c e n tr i fu g a t io n .
B reast
Five saiaples of each of four h is to lo g ica l types o f humon b reast tis su e  
wore exaiiiined* One (group consisted  o f fibroadenomata removed as a 
so li ta ry  lesion  in  m  otherwise healthy b re a s t, tho  sample' examined con* 
ta ir in g  p ro lifo ra tio n  o f c e lls  predominantly of mesenchymal o rig in , with 
moderate hyperplasia o f ac inar tissue*  These changes were d is tr ib u te d  
throughout the le s io n  in  a  unifona manner* Three of the specimens were 
perican a licu la r fibroadenom ta and two were iatraoanaliouXar*
f l i  I
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FIGURE 8a 
ROBMAL BREAST
The sample consiste of groups of flattsned ep ith elia l o e lls  
arranged in  a d n i, and embedded in  loose oonneotlve tissu e . 
The ratio of cytoplasm to nucleus i s  low in  these c e l ls .
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FIGURE 8b 
CYSTIC MASTOPATHY 
The specimen centaine large oyetio spaces bounded by hyper­
p lastic  epithelium with increased ratio of cytoplasm to nuc­
leu s. The connective tissu e in idiioh these cysts are embedded 
i s  vexy muWi denser than that of the normal gland.
Çp y
FIGURE 6e 
FIBROADENGKA OF HUMAI BREAST 
Mozphologloallj, the epithelium present i s  not dissim ilar to 
that of the normal breast. The acinar arohiteeture, however, 
has almost oompletely disappeared, and there i s  a great prol- 
iferation of connective tissu e . -
F%
FIGURE 8d 
SCIRRHOUS CARCUCSSA OF BREAST 
The fibrous stroma of the breast, which i s  normal in appearance, 
i s  invaded by nests of cancer c e lls  devoid of acinar structure* 
The nuclear s ise  of the cancer c e lls ,  emd their ratio  of cyto­
plasm to nucleus, are not vexy different in  th is  specimen from 
those of normal breast epithelium*
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A ©oûond oD ^siatpd o f  f iv e  otm bein g  à s p t e r o i ^ l
o o ll  m7^ c±mma .w ith pm iom iaeâ fe a tu 3?aa# ano ther an in tra* d u o t
oardRom a ehowing e a r ly  iw o o iv a  properties# , mà t h e  remsihimg th re e  being  
eo lrrhouo ea ro lw rn a ta  d isp le y in g  a moderate degree o f © ito t ie  ab e rra tio n #
T h e  l i n e  ' o f '  d e i a a r s a t i o n  h e tw e e n  n o x ia a l  m à  a J m o m a i  i n  t h e e e  e a m p le e  v m  
impreoiee-- B i t i m  nano o f the iosiona wae- enoaptalatecl#. end the sami>le which :'• 
was sored, ou t f o r  exam ination was a s  f r e e  from f a t  and r é a c t iv a  f ib ro u s  
tissu e ae m s po.sçiblé--;mder the ciroumstenees.#
ThO' th i r d  group o f  .aaiiples was draim  from p a t ie n ts  oub jeeted  to  th e  ' 
o p é ra tio n  o f sim ple masteotomg for d if fu s e  c y s t ic  mastopathy# T h is i s  
a  co n d itio n  i n  which vary ing  degraes of in tra ilu o ta l % p e rp la s la ,  in tr a *  
duot.al pap illo m ato sis#  and # " s t  f o m a t lm  o'oow# accompanied by f ib ro u s  
re a o tim - mid ro im d*cell i n f i l t r a t i o n #  The d ise a se  I s  u su a lly  p re se n t to  
a  v ary ing  e x te n t in  A f f e r e n t  p a r ts  of th e  seme b reaa t., and v a r ia t io n s  
froBH one p a t ie n t  to  an o th er qbm be very  oonsiderabla* Hov/evori in  a l l  
th e  p a t ie n ts  studied# a  very  severe  degree o f involvement was p re se n t and 
no part- o f  th e  b re a s t  could  t r u ly  be d escrib ed  m  normal# The sample 
cored  out f o r  exam ination was as- re p re se n ta tiv e  a s  could  be obtained#
As c o n tro ls , a  fo u r th  group consisting of samples taken  from p re ­
menopausal women undergoing removal of s o l i ta r y  c y s ts  o r  f ib ro a fe io m a ta  
was- examined# The breast was eseo n tia lly  healthy h i  (&1.1 these patim ita, 
and th e  sample,, which -consisted  predom inantly o f  a c in a r  t i s e u e ,  was taken  
from th e  su b -a re o la r  region# .For obvious ethlccàl reaso n s i t  could  only 
be a small sample# In whg&t fo llo w s , t h i s  group s h a l l  be d esc rib ed  as 
Mormol#.- although  i t  i s  r e a l i s e d  th a t  th e  a p p lic a tio n  of t h i s  tmm to  
t i s s u e  o th e r  th an  th a t  taken  from th e  la c ta t ln g  female r e tp i r o e  re se rv a tio n #
SX*
Bxemplea' o f  each M # ç X # icaX  group ere- sliovm t o  F l# m .  8 .
ïîimqdiateXj upon rmavaX from the patient# tho samples- were dissected 
im &  of ifatf waeliod to  ice-cold d is tille d  m.ter# dried on absorbent paper,
" Ôw elg ïèê , mià s to re d  a t - -20  .» % oy wore ramcved a f t e r  m  in te rv a l  o f  
■approKimatèiy one wèak m d  t r e a te d  t o  -exactly th e  acme mmmer- as- were th e  
spectoons o f  c e rv ix  utorl»- -fwo problems re q u ire  .special, comment*- One 
concerns th e  la rg e  amoimt- o f  co lto g em u s tto en o  to  th e  homogenates which 
p re se n ted  d i f f i c h l t i o s  oven uiom- am%te th en  those  d escrib ed  t o  th e  pro* 
p a ra tio n  o f  p a r t i c l e  f r a c t io n s  from normal ■corvixi th u s  in  only a  hand- 
t o i l  o f  tiamio-s could  *%11toohondrtoX" and % icm som al" f r a c t io n s  be 
sep a ra te d  q u a n tita tiv e ly #  # m  accm d problem was th a t  o f  f a t  t o  th e  
homogenetem; however t h i s  was e a s i ly  d isposed o f  a toce  i t  came to  th e  
su rfa c e  a s  a  fir^a d is c  a f t e r  th e  g#000g c e n tr ifu g a tio n  m à  could be removed 
w ith  a  Tmodem spa tu la#
Blood and U rine
Ten patien ts undergoing radiotherapy fo r carotooma of cervix u te ^  
were choaen fo r study# The patien ts presented censemitivoly, the only 
conditions govemtog selection being  adequate bladder c o n tro l ,  the ab ility  
to  co -opera te  to  urine cqlleotlona-i- freedom .from renal tra c t involvement 
a t  th e  tim e o f  p resen ta tio n #  and th e  worfc-icmd which p reven ted  more th en  
two patienta b ein g  studied aimu-ltanGcusiy#
Before commencement of therapy.#- two o r  three- blood samples were with- 
dravm fo r base-ltoe estinmt-ions# end two 24r*hour urtoo. oolXoatioiia \mm  
obtatoad (to fo u r  p a tie n ts#  a random u r to e  specimen had to  be s u b s t i tu te d  
fo r one 24**hour collection) * The blood was drawn off by th e  invastlgator
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i n t o  m t e i d l o  s y r i n g e s #  t r a p e f e r r a d  t o  o l e a i i  t e a t - t u b o s #  a l l o w e d  t o  c l o t #  
m à  c o n t r l f u g e d  w i t h o u t  d e l a y  a t  3 ,0 0 0  m m / n i n m  i n  t h o
O o m tr l f u g e #  T h e  e u p e r a a t m i t  s e ru m  w as. t r a n e f o r r e d  t o  a  f r e s h  t o e t - t a h e  a n d
r e * c o n t r :L f ü f |o d  a t  t h o  a b o v e ,  e p e o d *  T h e  s e m m  w a s  th o rn  re m o v e d  f r o m  t h e  
b u t t o n  o f  r o d  c e l l o  i n t o  y e t  m m t h e r  c l e a n  t o e t - t u h e #  m id  m a im ts in o d  a t  
4^ Im a  dom eetie r e f r ig e ra to r#
The w in e  was c o lle c te d  by th e  p a t ie n t  who m e  g iven  d e ta i le d  in *  
a tm e t lo n  M th e  pmeoee#mo to  be adopted* I t  waa passed  in to  a. bed-pan 
a n d  t r a n s f e r r e d  %  m em m  o f  a  f i l t e r  f u i m e l  i n t o  a  f i f i c k e e t e r  c o n t a i n i n g -  
5 -lW l#  c h lw e fo m  ae p rese rv a tiv e#  liien  th e  c o l le c t io n  vim complete# * 
th e  volume was a c c u ra te ly  m easured a f t e r  thorough m ixing of th e  specimen#
<md an B licpot vim  centrifcged to  -remove my tmdisaoived chloroform or 
u rin a ry  sedim ent th a t  was preeemt* The clear- l iq u id  vim  trajiefeiTO d 
in to  a Q lm m  teat*tnbe m à  maintained at 4*^  in  a domestic refrigerator#
A ll m i^ m  aea^.B  on blood and m ih w  were c a r r ie d  on t w ito in  24 heure 
o f  ■oolleatioBji w ith  th e  ex cep tio n  o f  a  very  few specimens which were- 
ta lten  a t  week-ends# The u r in a ry  c re a t in to e  was measured on th e  û&j o f 
c o l le c t io n  by th e  laboratos^” s t a f f , ,  m d  th e  u r in a ry  d eo a^m cleo tid o s were- 
measurod on .smaples o f  th e  c l a r i f i e d  u r in e  which had been a to red  at- *20% 
th e  p e rio d  o f  s to ra g e  n o t exceeding s i s  weeks i n  any sample*
The dose o f  r a d ia t io n  t o  which th e  p a t ie n ta  were exposed du rin g  
the rapy  ranged i m m  5 ,0 0 0  t o  8,500 rads* T his was d iv id ed  between con* 
ven tim m l radium im p lan ta tio n  t m  p erio d s rang ing  f r m  #  to  100 hours# 
g iven  a s  one o r  two trea tm en ts  and eupervoltage them py  adm in istered  by 
th e  A-E#2# M h^ear A cce le ra to r a t  4 m*e.v# Only one rad itm  trea tm en t 
was g iv m  to  p a t ie n ts  w ith  a à m n m à  carcinoma#, th e  balance being  added
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i n  th o  fo m  o f  suporvoltago therapy#-
I te in g  th e  tim e o f  th e  f i r s t  radiixm iiB plcm tatioe, a  spoolmom o f 
b lood and a  24**hour u r in e  ool?-oction wore obtained* In  th e  l a s t  fo u r  
p a t ie n ts  o f  th o  s e r ie s ,  th e  u r in e  tms c o lle o te d  by c a th e to r is a t io n  s in ce  
th e  low u r to e  volumes o b ta in ed  in  one o r  two o f  tho e a r l i e r  .oases r a is e d  
th e  p o s s ib i l i ty  o f  Inadequate draim ige duo to  p re ssu re  o f  th e  radium pack 
upon th e  u re th ra#  Another b lood  and u r in e  c o l le c t io n  wore ob ta in ed  w ith in  
th re e  days o f  viithdrawal o f  th e  radium pack and befoare th e  commencement 
o f  any o th e r  tiiorapy* S ix  o f  th e  te n  subject©  wea?e exposed to  a  second 
radium Implant# mid in  th e se  su b jec ts#  blood mid u r in e  c o l le c t io n s  wero 
o b ta in ed  during  th e  p erio d  o f im p lan ta tio n  and follow iaig th e  w ithdraw al 
o f  th e  im plant a s  before* Tiierea^ter# a t  l e a s t  two# mid o ccas io n a lly  
th re e  blood and u r in e  c o l le c t io n s  were ob ta ined  p e r week from each p a t ie n t  
by tho to v e s tig a to r  du ring  tlie  course o f  t h e i r  trea tm eïit by supervo lta^^  
therapy  up to  th e  tim e o f  t h e i r  d isb liarge from h o sp ita l*
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She principle of the. method employe^ lnvolye,o, imouhation e l the 
te a t material with I#A, previously treated to, provide a macroraoXeeelar 
hubatrate free of inhibitory moleotidee and heaty metals g. and .precipit­
ation of, the imdigestecl polynucleotide materi.El with a mixture of uranyX 
aootato and jjorolilorio aold^ She extinotion of the digestion pmduota 
may be read a t 260 ^i,by d ilu ting an .aliquot Of the filtra te #  ..
Séohî^lone %e method has been followed in th is  work io based upon
that described ly ’Kalniteky, Hwielf Beenlok# garte r, ' Baznètt #id Merles 
(i$59)# Slîéee workers employed the method for the bbbw of o ryet^ ina 
bovine panoraatio BBAaee# She Biodifioatioha need in  the preoent work 
were governed by the neaeeoity of inoreaelng ' the time of inoiibatlon to 
allow measurement of. the - weaker activ ity  assooiated with the omde bio- 
Xogioal material which forised the ©n^ yiae soitroe; and since the xmtlt 
reported was. carried out on a wide rung© of material over & span of 
Several year©à i t  wa© regarded a$ desirable to standardise the, E li sub- 
©trate In accordance with the reooamendation of McDonald (1.955) a fte r 
prellDiinaw purification#
i^ é  follov?ih|v-.reagent© a re  iieed^ ' "' •'’** ”
a) Smbotrat© foaet luoloio  Acid (Pabet laboratories & British Agent#
V* A. ÏÏOV/B and Po# htd** 46 Fembridge Road# I,ondom@ W*ll)
■ purified iiüùmâing to the method of %tko$ do hamirande# 
A lla rd  md dan tero  (%9g8) a s  d escribed  helowo th e  coziccn- 
tra tio n  beltg adjusted to 0#5 mg# phqophoruo per ml*# in
d is tille d  water# . '
b) Buffer© S ris /m e i o ,m  #  7#4
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Aootate/Aoctto Aeid . .0 ,^  pH 5*6
o) Précipitent feanyX Acetate Q#75# ("^V) in  4*l?H-Fôrchlerié Acid 
(ice-qold)#
ÎR the ©tondard teqhmiqmg 1 mX, of subetrate was added to  I  m3.# of the 
appropriate buffer and placed in  a  water bath a t 37 * A fter a period 
of mot learn than two mimutea# mi a liquo t of te a t  m aterial ranging from 
0 *05- 0 .50  ml* was added with vigorous ehakimg end the mixture imoubatod 
fo r  30 A volume of d i s t i l l e d  water to  bring the to ta l  reaction
mixture to  3 ml#' was added p r io r  to  addition of the emgyaie; the water 
was pre-wamQ)d a t  37^ in  some oaee©^ but was’added a t  the beginning of 
the pré-imoubatiom period in  moot aemaye*
At the end of incubation, the reaotion was ©topped by the addition 
of 2 ml* of p re c ip ita n t, the tube© being stoppered and ©haken thoroughly, 
a f te r  which they were allowed to  atand in  ice  fo r  30 mln* before being 
f i l t e r e d  through lhatraan Mo* 42 filte r# p ap ç r. A. d ilu tio n  of the f i l t r a t e
-f
was prepared by addins? 0*5 ml# to  10 ml# d is t i l le d  water, and a f te r  
s t i r r in g  w ell, the ex tinction  wa© read a t  2 #  In the Uvispek: Spectro­
photometer (HiXger mà l^Utt© htd#) in  s i l ic a  c e lls  having a l ig h t  path-.i 
of 1 cm*, employing a d ilu tio n  of the uranyl ace ta te /perch lo ric  acid  
p rec ip itan t lagO in  d is t i l le d  water as a blanlc* With each t e s t ,  a control 
WEB run in  which the addition of emcyme source to  the substra te  took place 
a f te r  each had been incubated_ separately  fo r 30 mim# a t  37^ and 2 ml# of 
p rec ip itan t had been added to  the buffer-substrate-w ater'm ixture# % ére 
possible* te s ts  Were ca rried  out in  duplicate and the re su lts  avera^d*
Purification, of Substrate
The i e a s t  îlucleio Acid was dissolved in  d is t i l le d  water to  which the
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m iîiim w  volume .of 0#.4 M-lïaOE \ms addfd t o t e m l t t e n t l y  - to  m to t a to  th e  pH
#  7*0 and à  f in a l  adjustm ent to  pH ?*0 was ■oarried ou t upon complété 
.soiulnllisutioù o f  th e  s ta r tin g  m ateria l#  ' To th e  s o lu t io n , two volume©
0f  glacial- aoë tiç  abid m m  added# The p reo ip ita te  was co llec ted  a t tho 
filter#»pomp and waeîiod twice w ith  ê0 f (v /v ) ace tic  acid,, radissoXved in  
-d is tilled  water with minimum additiom o f  0-*'4 H-SîaOH as Ijofore, mid diaXysed 
fo r  24  hours a g a in s t d is t i l le d  w ater to  th e  cold with frequent changes, 
the d ia lyala  hoing fq l l ’owed by measurement of the o ^ to o tio n  a t  260 mp 
o f  the bath f lu id  to  order to  -onauro th a t d ialysable ■imcleotido m aterial 
had been -oompletely removed from "tho dialysata# fha EIA solution wm 
them adjusted to  IO|i with respect to  laO l, and two volmies of ice-co ld  
ethanol were added, the mixture being allowed to  stand overnight in  the 
ra frigam to r*  # e  p re c ip ita te  was co llected  by centrifugation  to  the 
cold, washed twice with 60^ (y/V) ethanol, twice with absolute ethanol, ■ 
and' with e th e r , dried  to  à vacuum d o s#  oat o r, and disaolved in  d is- 
t i l l e d  water# The p u rified  preparation was negative io v  p ro tein  by the 
b iu re t reaction , and chleride free  m  • te s ted  by a d d itio n  o f s i lv e r  n i t r a t e  
to  thé f i l t r a t e  r e s u l t in g  from p rec ip ita tio n  o f th e  m ialeic aoid by g lac ia l 
aco tio  acid  mid passage through llmtman Ho. 42 filte r-p ap er#
This was ca rried  out by estim ation of the phosphorus content of the 
so lu tion  according to  the method of Oomori (194^) a f te r  acid digestion  of 
th e  organic material#
8? ft
The fo llow tog  réagent© m m  u©e4s
a) # m m lw  M olybdatei '$# ( "  (^^^4)"' to  5*4g^sulphuric acid*-
h) Heduoing S o lu tio n  ; (w/v) l^ to a te d  ©odium © uiphite llagS^O^t tHgO
i n \ I 55 (w/v) p-m et% lm ino#phm i6l sulphate#
1 ml* o f  p u r if ie d  BEà in  s o lu t io n  wa© d ig e s ted  w ith  0 #3. ml# cono* su lp h u ric
Î
a c id  in  a  m iorok je ldah l f la s k  over a ho t flamo in  th e  presenoe o f a  g la s s  
head , tho f in a l  d ig e s t being  c l a r i f i e d  fey repea ted  a d d itio n  o f hydrogen 
peroxide (lOD vole*}* a f t e r  which th e  f la s k  was cooled and th e  co n ten ts  
made up to  a suitafel© volume w ith  d i s t i l l e d  water* 1 ml# of t h i s  so lu tio n  
was placed  in  a  g raduated  tu b e , fo llow ed  by 2 ml# amonium snolyfedate and
2 ml# reducing  s o lu tio n  and th e  co n ten ts  ad ju s te d  to  th e  mark w ith d i s t i l l e d  
water# A fte r  shaking , th e  tube  was l e f t  in  th e  dark f o r  30 min# and tho 
e x t in c t io n  of th e  so lu tio n  measured on the #300  p W tm e te r  (Unicam .fn s tm -  
monts l td * )  u s in g  th e  re d  f i l t e r .  A reag en t b lank was p rocessed  th r o u #  
th e  stagne o f d ig e s tio n  and o f co lo u r development and su b trac ted  from tho  
Value g iven  by th e  t e s t  so lu tio n #  The f in a l  e x t in c t io n  was compared v/lth 
th a t  o f phosphorus s tan d ard s c a r r ie d  through th e  e n t i r e  prooecdure# From 
t h i s ,  th e  ex ten t to  which stock  EEA so lu tio n s  re q u ire d  to  be d i lu te d  in  
o rd e r  to  give a  so lu tio n  co n ta in in g  0*5 %# phosphorus pe^ ml# was oalculatod* 
The stock  so lu tio n s  were kep t a t  -20^ f o r  a p e rio d  n o t exceeding one y e a r , 
and th e  d i lu te d  g u b stra to  c o n ta in in g  0*5 mg# phosphorus p e r  ml* wa© kep t
in  th e  dom estic r e f r ig e r a to r  f o r  a p e rio d  n e t exceeding  one week#
U h its
The u n i t s  re p o r te d  in  tM s  th e s is  r e f e r  to  th e  e x tin c t io n  o f th e  f in a l  
one-ln-twem ty d i lu t io n  o f th e  f i l t r a t e  fo llo w in g  p reo ix sita tio n  o f th e
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-gubëtraté# This- v a lu e  .vme m u ltip lie d  by th e  neqeçeaïÿ  f a e to r  
.requ ired  on th e  '# o i e  o f,t.h e  o f  te s t-m a to r to l  take.n-for' the; assay
to  g ive  th e  e x tin c t io n  th a t  would have been bhteiined from th e  a è id -so lu b le  
n u o leo tid ee  reloàé'ëd  %  I  ml* o f m a te ria l#
'One u n i t  o f  a c t iv i ty  i s  th u s  ■defined a s  t h a t  aoiount o f  encyme whioh-^ 
w hen.present i n  1 ml*' o f t e s t  ■ m # eria i, l ib é r â te s  a c id -o o lu b le  .m aterial 
whose e x tih o tio n  a t  260-m p'iri.a 1 #  20' d ilu t io n  o f  th e  f i l t r a t e  i n  a  
idgh't p a th  o f  X i o  1*00 under th è ’ O onditlom  o f assay*'
The s p e c if ic 'a O tiv ity ',  p e r  mg* p ro te in  was ob ta ined  by d iv id in g  th e  
p ro to to  oontbnt o f  1 ml#' -of th e  t e s t  m '#terial in to  t h é -units- o f  a c t iv i ty  
p e r  mi * o f t e s t  -m ateria l a s  d e fin ed  above* She a c t iv i ty  p e r  g# wet w e ig h t. 
o f  t i s s u e  -was -âerive.d by m u ltip ly in g  -tho. volume o f th e  oytbplaeiiiib frao tion- 
in  questio n  by th e  .enwp'‘0 a c t iv i ty  in .u n i t s  p er ml# '# #  M vid ing-'the .pro- 
duet by th e  wet weight o f th e  whole t i a a w  -sm #le* .The percen tage  o f ' the  
whole oytoplasm io a c t iv i ty  p re se n t ■ i n  .a g iv en  fra o tio n -w a s  ■ eaicidated  by 
S M iin g  th e  a c t iv i ty  p e r g# wot weight;-Of ti'èéuç fo ri each aépf.U?eté oy to - 
p la m io  f r a c t io n  and d iv id in g  th e  sum -into thé" in d iv id u a l va lue-.fo r th a t  
f ra c tio n #  The a c t iv i ty -p e r  Bi^hoUre - in  th e  u r in e  was c a lc u la te d  by 
m u ltip ly in g  th e  u n i te  p e r  ml* ,ef ■ th e  u r in e  by th e  volume o f u r in e  prcduoed 
over th e  24*^hour period#- The a c t iv i t y  per-mg# c re a tin in e  w as-obtalned  
by d iv id in g  th e  u r in e  a c t iv i ty  in  u n i t s  p e r  ml# by th e  c re a tin in e  concen­
t r a t i o n  in  mg* p e r  ml#
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B atim ation  .qf. .Bpoxyribôndoleçmc.,.A b ijÿ jty
#1$ prindip l©  involved  i n ' t h i s  ea tlm a tlo #  i s  s im ila r  to  th a t  o f  th e  
p rev ious e s tim a tio n , mmoly p r e c ip i ta t io n  o f und ig ested  ©ufestrato by s tro n g  
a c id  m d  moasuroment o f  tho  a c id  so lu b le  nuo loo tidos in  th e  f i l t r a t e *
The teoim iquo i s  olOsely r e la te d  to  th a t  o f A llfre y  and H irsky (1952) as  
m odified  by Kowlossor, Altman and Eempolmann (1954)*
ToOhniqub G orta in  m o d ifica tio n s  wore introduood through n ecess ity #
I t  was e s s e n t ia l  to  sc a le  down th e  method to  perm it assay  o f  sm alle r 
yoiuïfieà o f  m a te r ia l th an  th o se  emx>loyed by th e  o rig ih fil au th o rs ; and 
f a c i l i t i e s  d id  no t e x i s t  f o r  c e n tr ifu g a tio n  o f  the  p re o ip ite te d  su b s tra te  
a t  10,000 r#p.m# in  th e  cold# F in a l ly ,  th e  dipher^lam ine re a c t io n  f i r s t
describ ed  by Disohe (1930) which was used by th e  above au th o rs f o r  th e
measurement o f  a c id  so lu b le  d e o j^ u c le o t id e s ,  was rep laced  by measurement 
o f  th e  e x tin c t io n  in th e  u l t r a v io le t#
The fo llow ing  reag e n ts  were used:
n) g u b s tra te  DeoxvM bosenucleio a c id  prepared  from salmon sp em  by th e  
method o f Ohadkoff (1913) was purchased as  th e  sodium s a l t  
from th e  Cfalifoasaia O orporation f o r  Biochemical Research*
The m a te ria l was h i # l y  polym erised and had a  phosphorus 
con ten t o f  8*34)^» th e  r a t io  o f n itro g e n  to  phosphorus being  
1*67 mà  th e  e x t in c t io n  a t  pH 13 o f a  1# so lu t io n  was 300#
The m a te r ia l was d isso lv ed  in  0*005 E -H a#  to  a  concen­
t r a t i o n  o f 0*4# (w /v )i i t  remained s ta b le  f o r  prolonged 
p e rio d s  but f re s h  b a tches were u su a lly  req u ired  a t  monthly
in te rv a ls *  The d r ie d  s a l t  was s to red  a t  <*20^  in  a  d es icca to r*
go
b) Sttffw-s 3feis/HCi O .lA l.#  7 ,5  fftr- BMîwe.à». |
•■■Sodium A ce tB te /ace tio  Acid O*# - 0  5*6 im  M âasè I I
c) M etal Roagënt IMgneeium eiiXphate-(llgSO*-* TILO) 0 # #  wm u sed  m  a
course o f  w gneeium  ion©, f o r  ■the- assay  o f DMase I#
M W d im  B tliy lened iam inate traaoo ta to  d i l3 y # # e  (lio leo u lo r 
w eight 372*25) was used  to  a  I#  (w/v) so lu tio n  to  remove 
d iv a le n t c a tio n s  in  th e  ■aasaj o f  MAàee IÏ#
d) P re o ip i ta a t  TriohXoraOoiio ao id  3 * #  (iO e-ooid)
The re a c tio n  m ixture ooneiatod  o f  0#25 ml# s u b s tra te ,  0*25 ml# o f th e  
ap p ro p ria te  m etal re a g e n t, 0#7§ ml* o f th e  apj^ropriate b u f fe r ,  and û*25mX* 
o f t e s t  m a te r ia l o r  a  s u i ta b le  d i lu t io n  th e re o f  to  a  stoppered  c e n tr ifu g e  
tube* A fte r  th o ro u ^ i shaking, th e  tube© were p laced  in  a  v /a ter-bath  a t  
37 m d  tooubated  f o r  4 hours* The re a c tio n  was stopx^ed by ad d itio n  o f 
0#4 ml* o f p re c ip i ta n t  and a f t e r  shak ing , th e  tubes ware allow ed to  s tan d  
f o r  30 mto# in  ice# They were- th e n  cen trifu g ed  a t  3*000 r#p.#m* to  th e
c e n tr ifu g e  f o r  10 min# a f t e r  which 0*5 ml# o f  th e  superna tan t 
was d ilu te d  to  10 ml* w ith  d i s t i l l e d  w ater, and th e  e x t in c t io n  of th e  
so lu tio n  a t  260 mp and a t  290 mp was read  to  th e  ïïvispéik; spectrophotom eter 
u s in g  s i l i c a  cu v e tte s  end a  1 cm# l i g h t  p a th 'an d  employing d:t s t i l l e d  w ater 
a s  a  blank# A c o n tro l was p rocessed  to  an id e n tic a l  maimor except th a t  
th e  en%fme m a te r ia l wee toeubated  ©eparate from th e  x»omaining components 
o f th e  re a c tio n  m ix ture ; when th e  4 hours had '© lapsed th e  p r e c ip i ta n t  
was added to  th e  re a c tio n  Biixtura follow ed by th e  t e s t  m a te r ia l , a f t e r  
which th e  v a rio u s  s te p s  d esc rib ed  f o r  th e  assey were c a r r ie d  out f o r  th e  
con tro l#
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, ' toe values of ^ fo r  tee t and control were calculated and 
the la t te r  6ubtro.otod from the former to give the absorhcuioy duo to the 
enzymic degradation of the MA feUbatmte#
Units
One unit of enzyme activ ity  i s  defined m  that amoicit of enzyme 
whicli, under the conditions of the aseCy, will liberate  per ml# of toot 
material sufficient deoxynuolootidoe to give m i abeorbanoy 
corrected for-that of the control) of 0#004 in  the fina l dilution of 
supernatant ae deeoribed above*
In practice, the unite per ml# of te s t material were derived elmply 
by multiplying the absorbancy by 10^ * The epepific activ ity  per mg# of 
protein and the various other x)aramet0rs of enzyme activ ity  were derived 
in à manner exactly as described for the ribonuoleaseo in the prec^^ding 
part of th is  section*
Blnhenyiamlne Reaction
In prelAmina#' work, th is  reaction was used to measure the deoxy** 
nucleotides released f#m  the substrate by encymic action, toe reaction 
was carried out exactly as dosoribed by Msoixo (1955) who however is  not 
Specific about the time of heating required#
too reagent used consisted of Mphenylsmino (twice roorystcllised 
from petroleum ether) 1^ (w/v) in  glacial acetic acid, with 2,75 ml, of 
cone, sulphuric acid added to 100 ml* of the final solution# To 1 ml# 
of tho supernatant, derived by oentrifiugation Of the reaction mixture 
a fte r aoid-pracipitation of undigested MA, 2 ml# of the dlphonylemlne 
reagent was added# ' toe tube was stoppered, the mixture oluiken, and
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a a* .100^ f e m # I ÿ  #  # a . ,  a f t e r  which i t  mu
removed eM  p iaoad  in  a .W ak e r o f  .w ater a t  room tem perature f o r  o%$ctly 
10 mia#; fhe> o îc tiactione a t  gg$. and ,0,t 650 myx were re ad  in  th e  Wviepek:. 
epeotrophotom eter a g a in s t a  reag e n t blamls .prepared h j  e u h s t i tu t in g  die* 
t i l l e d  w ater f o r  th e  aG idteolU hle eupernatant*  fhe  ems r^me a c t iv i ty  was 
deriv ed  by o a lo u la tin g  f o r  t e s t  and c o n tro l ;wd su b tra c tin g
th e  l a t t e r  va lue  from th e  former#
E stim ation  o f  .Adenosine . PeaminasG,..A c tiv ity
% # p r in c ip le  o f  th e  method, which was deriv ed  from Bolomon (lg6o)$ 
depends upon th e  red u c tio n  o f  th e  e x t in c t io n  a t  265 mu o f adenosine oon-  ^
sequent upon i t s  deam ination to  in o e in a , ec th a t  th e  re a c tio n  can be 
fo llow ed by sim ple spaotrophotom otrid  measurement* Who o r ig in a l  au th o r 
employed, a  c o rre c tio n  in  which th e  e x tin c t io n  a t  2gO mp was su b tra c te d  
from th a t  measured a t  265 mp#- Whls s te p  was presumed to  r e l a t e  to  th e  
n e c e ss ity  o f c o rre c tin g  f o r  th e  form ation  o f  xm ithino d e r iv a i iv a s  and 
u r ic  a c id  from endogenous puxdneS' in  th e  ch ick  embryonic l i v e r  p rep a ra tio n s  
w ith  which he Was working* lo  such e f f e c t  was observed w ith th e  t i s s u e  
su p ern a tan ts  employed in  th e  p re se n t work, and th e  read in g  a t  250 mp. was 
om itted  from th e  pro^m dure*
% e  reag e n ts  were a s  follow s?
a) S u b stra te  W enosine ( B r i t i s h  Drug Bouses) was. tw ice rec ry s taH ised  
from ho t w ater and a f t e r  exhaustive  dry ing  was d isso lv ed  
in  ho t w ater to  g ive a  0#6jÆ (w/v) s tock  so lu tion#  f b i s
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was stable in tho deop^ f^reoae ovor a poriod of several 
yem.'s*
b) Buffer O.UI-phosphate buffer t*0
ÿhe dtook s u b s tra te  s o lu t io n  was d i lu te d  l i  300 in  phosphate b u ffe r  
to  g ive a  v/orking b u ffe r* p u b s tra te  la lx tu re , 3 ml* o f  which .were p laced  
in  à  1 cm. s i l i c a  cuvette#  .A fter a d d it io n  o f  0*05 ml* o f  t e s t  m a te r ia l ,  
th e  m ixture was d isp e rsed  by sucking th e  l iq u id  up, and down in, .a f a s te u r  
p ip e t te ,  3he e x tin c t io n  o f  th e  r e a c t  ion:;mixture, was read  a t  265 
a g a in s t a  co n tro l p re p a ra tio n  formed by th e  ad d itio n  o f 0#05 ml* t e s t  
m a te r ia l to  3 ml* phosphate b u f fe r  in  a  1 onu s i l i c a  cuvette*  %eet and 
co n tro l were tran sfe rred »  by means o f  th e  some P asteu r p ip e t te s  used  to  
ensure m ixing ,' to  stoppered  tu b es and p laced  in  a, w ator*bath a t  37^ f o r  
ex a c tly  one hour* # e y  were cooled ra p id ly  in  ic e ,  and tm m sfe rred  w ith 
c lean  p a s te u r  p ip e t te s  in to  th e  some cu v e tte s  as had been used f o r  th e  
i n i t i a l  read in g  bu t which had been thoroughly cleaned  and d r ie d  in  tho 
in te rv e n in g  period* ïh e  e x tin c t io n  a t  265 o f  th e  t e s t  was ônco more 
read  ag a in s t th a t  o f th e  co n tro l end th e  value su b trac ted  from, th a t  a t  
Béro tim e to  g ive th e  f e l l  in  e x tin c t io n  a t  S65^0f th e  t e s t  s o lu tio n  during  
th e  hoùr^ 0 in cu b a tio n . I t  was found in  p re lim in ary  work th a t  tho  use  
o f d e te rg en t o r  d ichromât0 s o lu t io n s  f o r  c lean in g  purposes o f te n  r e s u lte d  
in  e r r a t i c  r e s u l t s ;  a s  a  consequence th e  g lassw are was washed by immersion 
in  y>fo n i t r i c  a c id  f o r  a  p e rio d  o f  n o t le s s  than  #  hou rs, w ith  th e  
excep tion  o f th e  s i l i c a  c u v e tte s  which, during  a  working day, were 
thoroughly cleaned  w ith  soap and w ater between coneooutivo readings*
b n itp
One unit of activity is  defined as that amount of encysie which, under
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tho conditions of tho aoooy» w ill prqduoe per ml* of m aterial a  f a l l  
o f 0*020' in  tho oxtinotion of the hùffèr^suhstra te  mixtu?©* In p ra c tise , 
the u n its  per ml* of to s t  m aterial wore derived simply by m ultiplying 
the f a l l  in  ex tinction  a t  26§^y 10^* % e sp éc ifie  a c tiv ity  per mg# of 
p ro tein  and the various o ther parm ete rs  of en^me a c tiv ity  wore derived 
in  a  manner exactly  as described fo r  the rihonudeases in  an e a r l ie r  
pert of th is  section^
#10  method used \ w m . th a t o f l é \ w ^ r  Kcsofomtgh, farr.and, Rmidall 
( 1951)» ■ 9!he p rinc ip le  involves the use of ■.•the B’olin^Giocalteau, reagent 
which reac ts  with the ty rosine reoidaes of the pro tein  to  form a  blue 
coloured complex* f  he ■reaction i s  am sitiso d  by • the addition of copper 
iona in  ■an a lka line  medium*
#%e following reagents were used?
a) Bodium Oarbonate #  (w/v) an^^droue in  0*1 B-BaOîî
h) Oopper Sulphate -1# (i?/v) OuSO^ , 5HgO in water
0 ) SOiâium fa r t r a te  Bodiwit bC^) Sîortÿate Biliydrato (Mol*
w t *  2 3 0 * 0 9 )  I n  t a t o i v  ' '
d) Igienol Reaaent^ l?olin*Oiooaltoau phenol reagent d ilu ted  from stock
1)1 in  water to  give a  so lu tion  1 ÎLwith respect ■to 
acid^
e )  # gn.dard G ry c t^ l ln e  bovine serum albumin (Amour Pharma**
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coutical Ooé Btdf), was -prepared in'dilutions-ranging from 504300 ug* per
: :i
fh e  s o lu t io n  f o r  -açsay was d i l # #  to  an- e x te n t which was expected  
to  b rin g  i t  w ith in  th e  range o f  th e  e s tim a tio n , nmmly gO^ 'gOO ug , p e r  ml# 
fo  1 ml* o f  th e  d i lu te d  s o lu t io n , was added 5 ml* o f  th e  a lk a l in e  copper 
so lu tio n  f re s h ly  proptœed each day by a d d itio n  o f 1 ml* o f a  m ixture o f  
equal p a r te  o f copper su lp h a te  and sodium t a r t r a t e  so lu tio n s  to  49 ml# 
sodium Carbonate so lu tion*  A fte r  shaking, th e  m ixture ' was l e f t  f o r  10 min* 
a t  room tem perature# 0#§ ml* o f  th e  phenol reagen t was then  added and 
th e  m ixture shaken Im m ediately, w ith in  1*^ 2 secs# I t  was. then, allow ed to  
s ta n d  fo r  30 min* a t  room tçiiiiieraturé# vdien th e  e x tin c tio n  o f  th e  ;# u tio n  
was read  a t  623 mp in  th e  8F0O0 (Unicem Instrum enta M d*) a g a in s t a  r o f t^ n t  
b lank  p repared  by s u b s t i tu t in g  d i s t i l l e d  w ater f o r  th e  t e s t  m ateria l#
From th e  e x t in c t io n  a t  625 th e  p ro te in  co n cen tra tio n  <f th e  so lu tio n  
waü derived  by re fe ren c e  to  a  s tan d ard  curve wîiich was prepared  every 
month I o r  more f re q u e n tly  i f  a  f re s h  copper reagen t was made up w ith in  th e  
fo u r^ teek  period#
E stim atio n  o f  Beoxyribonuoleic Acid O ontent o f  Hgrnogenates
% e  p r in c ip le  o f  th e  method employed, which i s  d eriv ed  from th e  work 
o f  M%mro and h i s  a s so c ia te s  (h u tch iso n  m d  Munro Ig h I; F leck  ^ end Mimro 
1962; H a liin an , F leck  and Munro Ip d j)  invo lves p r e c ip i ta t io n  o f p ro te in , 
l i p i d s  and n u c le ic  a c id  by co ld  p e rc h lo r ic  a c id  w ith  removal o f  a c id  so lu b le  
components; removal o f l i p i d s  by e x tra c tio n  w ith  organic so lv e n ts ; removal
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o f  # A  from th e  l i p i d  e x tra c te d  m a te r ia l by a lk a l in e  iiydro lyeiss and 
determ ination  o f th e  phoephome con ten t o f the  residue*
#eohjfjiiq^e
fh e  reag en ts  used  were ae fo llo w s:
a) P re c ip i ta n t  P e rc h lo r ic  a c id  0*6l (icev co ld )
W l I*» ■ #W>, ^  IW i ^ i l tn  M ^  ^
b) Acid  Wash P e rc h lo r ic  a c id  0*2H ( ic e -c o ld )
c) L ip id  S o lvents l )  Potassium  A cetate  (anliydrous) 1?^  in  ab so lu te  e th an o l
(ice# co ld )
2) G blorofom  (Reagent dracle) 25?^  ( r /v )  i n  ab so lu te  
e thano l
3) D iethyl &%hQT (a n a e s th e tic  grade) 25ÿ^  (v /v ) in  
ab so lu te  e th an o l
4) D iethyl E th e r (a n a e s th e tic  grade)
d) A lk a li Potassium  Hydroxide 0*6H
4 ml# o f th y ro id  homogenate (10^( in  OtlSM-^Jotassium ch lo rid e  as 
described  e a r l i e r  in  t h i s  s e c tio n )  was added to  a  c e n tr ifu g e  tube con-* 
ta in in g  2 ml# p e rc h lo r ic  a c id  0#6k# The tube was stoppered , shaken 
thoroughly , and allov/ed to  s tan d  in  ic e  f o r  10 min# I t  was th en  cen.** 
tr i fu g e d  a t  3,000 r*p#m# f o r  10 min* ’in  the  M.8.E# 'Minor feen trifuge which 
was p laced  in  th e  L ig h tfo o t oold-room* The sup ern a tan t was d iscard ed  
and th e  p r e c ip i ta te  washed tw ice w ith 6 ml# p e rc h lo r ic  a c id  I t
was then  washed w ith  th e  potassium  a c e ta te  so lu tio n  and ce n tr ifu g e d  in  
th e  co ld  as p rev io u s ly , a f t e r  which th e  washing w ith th e  o th e r  l i p i d  
so lven t»  in  th e  o rd e r l i s t e d  above was c a r r ie d  out a t  room tem peratu re , 
th e  p r e c ip i ta te  be ing  recovered  by c e n tr ifu g a tio n  fo r  3,000 r*p#m# f o r
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5 min#, and 5 ml# of each solvent being used#
To th e  p r e c ip i t a t e , 2 ml# o f d i s t i l l e d  w ater was added tind th e  m ixture 
d isp e rsed , a f t e r  which 2 ml* o f potassium  hydroxide, 0#6h waa added, th e  
tube being stoppered  m d  shaken w e ll , a f t e r  which i t  was p laced  in  a  
w atei>hath a t  37 for,; one hour# % e  tube was th en  cooled in  ic e ,  2 ml* 
of p e rc h lo r ic  a c id  0*6H was added, and th e  m ixture Allowed to  s tan d  in  ic e  
f o r  10 min* I t  was th en  washed tw ice w ith p e rc h lo r ic  a c id  Q ,#  as before* 
The washed p r e c ip i ta te  was once ag a in  d isp e rsed  in  2 ml* w ater a f t e r  which 
2 ml* potassium  hydroxide was added a s  b e fo re , and tho  tube allow ed to  
s tan d  ovosmight in  a  water-^bath a t  3?^*
Tho co n ten ts  were t r a n s fe r r e d  q u a n ti ta t iv e ly  to  a  m easuring c y lin d e r  
w ith  th e  a d d itio n  o f a fu r th e r  6 ml* 0 * ^  potassium  ïy d ro x id o , and made 
up to  50 ml* w ith  d i s t i l l e d  water* This whole prod?^jiure was c a r r ie d  out 
in  d u p lic a te , and from each c y lin d e r  a  su ita b le  a l iq u o t ,  u su a lly  5 ml* was 
token f o r  e s tim a tio n  o f phosphorus*
Bhcsphorue Estimatloïi^
The method used  was th a t  o f  A llen  (l940) in  which th e  phosphorus -  
co n ta in in g  m a te r ia l i s  d ig e s ted  w ith ac id  and th e  in o rg an ic  phosphorus 
l ib e ra te d  lo  converted  to  a  phosphomolybdic complex whicJi i s  then  reduced 
to  a  b lue pigment*
The reag en ts  used  were as follow s*
a) Acid Reagent S u lphuric  a c id  10 B
nm m rm  h i  -hi. mumm tmimwtmi p f t i i m m  « K »
b) .toaonium Molybdate 8*3Î^ (w/v) 4H«0 in  d i s t i l l e d  w ater
c) Reducing Agent 1^ (w/v) Amidol {2«4**diaKdno-*phenol hyd roch lo ride) in
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’ H otaM auIph ito , tho  so lu tio n
hoiîig f i l t e r e d  boforo use and s to re d  in  th e  dark a t  4^ 
f o r  a  po riod  not exceeding ID days*'
To 5 a l#  o f tho  o x trao t to  be aeoayod, 0*6 ral* o f  ao id  rbagenw was 
added to g e th o r w ith  a  g laoa bsad and a  few oarborouhdum stonoe, th e se  
a d d itiv e s  havl^ng been-ao id  waehod p r io r  to  use.--' The m ixture was d igeo ted  
on a  low flam e f o r  a  p erio d  o f about 3 hours» th é  appearance o f  th ic k  w hite 
fbiuûe being ta læ n  as  th e  'Ohd' p o in t o f tho ' pfocooe* Tho'bro^ui l iq u o r  was 
c l a r i f i e d  %  C a re fu l■ ad d itio n  o f  l^'drogen poroxido (lOO vo ls#)»  U fte r which 
th e  f la s k  was cooled and th e  fd ilo w in g  a d d itio n s  made in  th e  s ta te d  orders 
10*83 d i e t i l l c d  water# 0*5 ml# amioniura m olybdato, <md 1 ml* reducing  
agent* # o  so lu tio n  was read  #  64O tap in  th e  01^600 spectrophotom eter*
A reagent' b lank was p rocessed  in  p a r a l le l  w ith th e  t e s t  m a te r ia l^  Üie 
e x t in c t io n  so d eriv ed  was converted  in to  phosphorus co n cen tra tio n  by refer-* 
ence to  a  standard  curve eone tructed -by  oonducting th e  e n t i r e  asaay from 
th e  stage  o f d ig e s tio n  onwards on Imovm amounts o f anhydrous potassium  
dihydi^ogon phosphate*
l a n s a M t ^ J s I l J a l ê l J â S ^ ^
¥bo mothod employed waa th a t  o f  Stusipf (1947)» m odified  to  th e  e x te n t
o f $ u h trac tin g  from th e  e x t in c t io n  o f  the  r e a c tio n  s iix tu re , tho  e x tin c t io n  
due to  th e  a c tio n  o f  su lp h u ric  a c id  alone upon tho  c o n s titu e n ts  o f tho  
urine*
tCoohniciue
The fo llow ing  reag en ts  were used?
a) G ysteine 5/  ^ (V"^ ) % stein©  hydroch loride  in  d i s t i l l e d  w ater
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h) Add: ■ W /q S u l p h u r i c . , f o # ç d  by adding 70,'vole# of •oono*--
IlgSO ,^ to. .30, vols# oi' d iB tiiiod  w àto r'under - ooollng in  iOe#'''-
To 0*5 ml* o f  th e  'u rin e  emiple# whiph# on removal from th e  d eep ifreeze  
was warmed to  w ith ' shaking to  rô d iaço iv e  (my p ro o ip ita te d  m a te r ia l ,
0*05 ml* o f  th e  oyeteime ‘s o lu t io n  ta ie '‘a d d e d 'fo ilçté'd by 5 ml*-^  of adid#
The ' m ix ta #  waé shaken and allow ed’to  Btahd a t'room  tem perature f o r  15 mln# 
A fte r  which th e  -ex tinction  a t  # 0  was k?éad a g a ^ è t  a  reag en t b lank  ' 
p repared  by e u V s titu tib g  d i s t i l l e d  w ater f o r  U rine in  th é  above prooeedure# 
An à ç id i î i ë â  u r in e  b lm k  was run  in  p a r a l le l  with' each u r in e ’ t e s t ,  "subm 
s t i t u t l n g  0*05 m l. o f  d i s t i l l e d  w ater f o r  th e  cy s te in e  s o lu t io n ,"th e  ' ' 
e x t in c t io n  'a t ' 490 mp 'being su b tra c te d  -from 'th a t  o f th e  corresponding u rin e  
te s t# ' The C orrected e x t in c t io n ’f h r  each u r in e  smaple m s  converted  to* mg. 
DM p er 100 ml* by re ference" to 'a -  s ta n d a rd 'CUrvë, p rep a red ’anew f o r  each 
b a tch  o f  cy s te in e  s o lu t io n , U sing th e  h igh ly  polym erised # A  which has 
a lread y  'been d e s c r ib e d 'a s ’th e 's u b s t r a te  f o r  assay  o f  'deosîÿribonttolease: 
a c tiv i ty #  ' %  ra fo ren ce  to  th e  24**hour U rine ou tpu t f o r  th e  p a t ie n t  and 
th e  C oncentration  o f  c re a t in in e  i n  th e  mzlne, th e  deoxynucleotido concan-* 
t r a t i o n  could bo expressed  a s  a  24‘^ hour ou tpu t and as  a  co n cen tra tio n  
. r e la t iv e  to  u r in a ry  c rea tin in e*
I
,Sh0 method u esà  was th a t  o f  f o l i n  ( I 914) i s  whloh th e  e s e a t in in e  i s
allow ed to  develop a  red d ish  complex w ith  a lk a lin e  p ic ra te  accord ing  to  th e  
re a c tio n  f i r c t  d escrib ed  by f o f f e  (1086) #
1 0 0 ,
Todmiqüe
. '
Tîiç fo llow ing  reag en ts  were used?
a) A lk a li Sodium % drox ido  1 H ^
b) P io ra te  S a tu ra ted  aqueous so lu tio n  o f p ic r io  ao ld  (reag en t grade)
f i l t e r e d ,  im m ediately b efo re  use#
Tl'ie u r in e  f o r  aim lyais was d i lu te d  I s 20 w ith d i s t i l l e d  w ater and 0#5 ml. 
added to . a  te s t - tu b e  follow ed by 1 ml* of a l k a l i ,  1 ml* o f p ic r a te ,  and 
7*5 ml* d i s t i l l e d  w ater in  th a t  sequence* The co n ten ta  were thoroughly 
mixed and allow ed to  stm id f o r  15 min a t  room tem perature befo re  read in g  
th e  e x tin c t  ion  a g a in s t dx s t  i l l e d  w ater in  th e  Bnicam BP3OO p h o to e le o trio  
co lo rim ete r u s in g  tho  b lue  f i l t e r *  A blmxk was pre;(mred by s u b s t i tu t in g  
d i s t i l l e d  w ater f o r  th e  u r in e  oosflple in  th e  above re a c tio n , and th e  extiiic*- 
t io n  su b trac ted  fron^* th a t  o f oaah te s t*  Tïno c o rre c t ad e x tin c t io n  f o r  the  
t e s t  was then  converted  to  tho  appropriate , co n cen tra tio n  o f c r e a t in in e  by 
re fe ren c e  to  a stondard  graph p repared  from, s u i ta b le  d i lu t io n s  o f a stock  
so lu tio n  o f  c re a t in in e  cino  c h lo rid e  (reag en t grade) in  0*1 H-5iydrochloria 
acid*
S t a t i s t i c a l  C a lcu la tio n s
The form ulae f o r  th e  c a lc u la tio n  o f  th e  v a rio u s  s t a t i s t i c a l  param eters 
measured in  th e  course o f  th e  p re se n t work, and th e  ta b le s  used  in  th e  
assessm ent o f  th e se  param eters, a re  w idely known* The source to  which th e  
au th o r has c o n s is te n tly  r e f e r re d  i s  Documenta O ei^ 's S c ie n t i f ic  T ables 
(6 th  E d itio n  1962) .
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f b i s  was ca lo u la to d  ■ às 'fo ito ié l"
S*B# m 1 .  mr- M- IS
Where i  #  number o f  .observations in  group
X #  n w e r io a l  v a lu e  o f each observa tion  .
m o  v a lu e  of H« f o r  th e  d iffe ren o o  o f th e  mean betw een two groupe was 
é a io u la te à  .as follpwsi
%%@ro ** number of ob se rv a tio n s  in : f i r s t  group
m number o f  o b se rv a tio n s  in '' sooond group 
m num erioâl value o f  each o b serv a tio n  in  f i r s t  group 
x^ m num erical value of each obsO rvation in  second group 
'# mean o f  f i r s t  group 
^  # mean o f second group
R u n  lypo thsaiB
Aufc^ysis o f  th e  s ig a if ic a n o e  o f  th e  d iffe re n c e  between th e  v a lu es  
found in  carcinoma t i s s u e  from th e  same p a t ie n t  b efo re  and a f t e r  r a d ia t io n  
WÙ8 by t h i s  tech n iq u e , in  which th e  s ig n if ic a n c e  o f the d if fe re n c e  in  the
1 0 2 ,
chmg0 Qoomming from m ro  change i s  measured:by determ in ing  th e  v alue  
of' *tg* aqcording  to  the .-fo llow ing  forim las -
* .  3ÇJH
Where I  # number o f  p a ire  o f  epeoimene
X # d if fe re n c e  between value#  ob ta ined  b efo re  and a f t e r  r a d ia t io n ,  
expressed  a s  a  p o s i t iv e  o r  a  n eg a tiv e  in te g e r  
xm  mean o f d if fe re n c e e  i* e ,  S (x jo- ' y
A nalysis o f  V ariance
This was oonduoted on th o  d a ta  d eriv ed  from s tu d io s  on blood and 
u r in e  b e fo re , and a t  v a rio u s  in te r v a l s  du ring , trea tm en t by radiura and 
supervo ltage deep K^ray therapy# The technique i s  as  fo llow s:
The O orrootion f a c to r  (O .f#) i s  c a lc u la te d
(gum o f  every  v a lu e  in  e n t i r e  d a ta ) a
number o f  o b se rv a tio n s  i n  e n t i r e  d a ta  : ^
The Bum o f T o ta l Squares i s  C alcu lated
- ' .  - .
T*B* m (Sim o f tho  square o f  every v alue  in  e n t i r e  d a ta )  0*f* 
The Sim o f S ub jec t Squares (S*S*) i s  c a lc u la te d
s*s* *>
Where à ,  B, 0 , #*,** re p re se n t th e  ewm o f e l l  th e  ob serv a tio n s f o r  a
s in g le  Bttb^ect nnde;^ a l l  prooéi fitoef and I  I»  jiwffltjej? q$ p sjooe jjtoes.
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Sîie &m o f  E}?ooea«i?e Squares (P .S .)  f s  c a lc u la te d
-^ + b^.4- + .* » )
#T rrrrT ri-T ~ T iiM nrrg  n w  iiir ■Hilt»i^S i k # n i ^mmm' m m 8#%P#
%
Vihers a»bgO,.*# rap re so n t th e  eiim o f  a l l  th e  o b serv a tio n s fo r  a l l  th© 
BubjeotG imder a  s in g le  proGedt?re and ±b th e  muaber o f  sub jeets*
Tho H osiduel E rro r (R .B .) i s  oel<3îü.atad
E .E . «* T .0 . «  S .S . -  P.8#
Tho meaîa square f o r  S u b jao ts , P rocedu res, oM lo s id u a l E rro r was 
o a lo u la ted  by d iv id in g  S*B*» P#8#, m d  E*B* by th e  ap p ro p ria te  Value 
f o r  th e  degroea o f  freedom? th e se  m m  ao follovje*
IT -** 1 fo r  Oubjeota0
IT «■ 1 f o r  P rocéduresP
11^  m *« %  -  4 1 fo r  Easlclual E rro r
Tho Varlanoo R atio  (? )  f o r  Subjoeta  was obtainod by d iv id in g  th e  mem 
equara fo r  S u b jea ts  by th e  mean square  f o r  tho  R#E. end th e  VariancG 
P a tio  (? )  f o r  th e  ProGadurse igas ob ta ined  from d iv is io n  o f th e  moan 
square f o r  Procedures by th e  memi square fo r  th e  R*E# The s ig n if ic a n c e  
o f  P between ProGodujiGS was fomicl by co n su ltin g  th e  ap p ro p ria te  ta b le s ,  
th e  degrees o f  freedom being  th o se  f o r  th e  R#E.
F in a l ly , th e  F id u c ia l In te rv a l  (F » I .)  was c a lc u la te d  tsom. th e  form iûa 
F .Î ..  ■ « H* z
^ /  Eg
VJhere *t#^ r e f e r s  to  th e  value o f  *t* f o r  th a t  le v e l  o f  p ro b a b il i ty  a t
104
irhioh the  value o f F - was sign ifieahfc corresponding to  th e  same degrees 
o f  freedom, a s  ap p lied  to  th e  E*B# .
C o rré la tio n  O o e ffic le n t
This was C a lcu la ted  f o r  th e  d a ta  on e s tim a tio n  o f  deoxyribonuclease 
a c t i v i t i e s  by two methods, a s  follow s*
-  8 (a  X b) -  §  ,
where a  r e f e r s  to  each in d iv id u a l value ob ta ined  by one method
b r e f e r s  to  each In d iv id u a l value ob ta ined  by tho second method on 
th e  same s m # le s , mà 
■R i s  th e  number o f  saïftples.#
\  -  ^
\
The C o rre la tio n  C o e ff ic ie n t, r  # was then  given by th e  form ula

1 0 5 .
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# # . / ;*iiR]?*w :#» r * AM; Br#w,ALiAwN&AW iB*L.:%5aj#dA:#«rr4:$4A%3# a â m # a r > a*
The p r in o ip le e  invo lved  in  a l l  th e  methods employed in  
th e  p re se n t work were f a i r l y  w e ll e s ta b l is h e d  and d id  no t 
reequtre d e ta i le d  a p p ra isa l*  N e v e r th e le s s , a  riumhor o f prêt? 
lim in a ry  In v e s tIg a t io n s  were c a r r ie d  ou t to  e n su re , in  so f a r  
a s  p o ss ib le  h u t w ith o u t th e  escpendlture o f an undue p e rio d  o f  
tim e , th a t  th e  c o n d itio n s  ohoson were a p p ro p r ia te  f o r  th e  
b io lo g ic a l  matex'ialB being  examined* f o r  th e  em^yme a s sa y s , 
i t  was e e s e n t ia l  t h a t  th e  methods used should  g ive  r e s u l t s  
l i n e a r  w ith  tim e o v er th e  pe^oiod o f in c u b a tio n , and th a t  th e  
a c t i v i t i e s  measured should  be px 'oportlonal to  th e  amount of 
t e s t  m a te r ia l  added to  th e  system ; a t  any r a t e , i f  th o se  con-- 
d itio 'n s  only a p p lie d  w ith in  oex 'tain  l i m i t s ,  i t  wavS nacBBsary 
to  d e fin e  th e se  l i m i t s . I t  was d e s ira b le  to  make q u ite
eex 'ta ln  th a t  th e  ensiymie p r e p a ra t io n s , once o b ta in e d , rem ained 
s ta b le  du ring  th e  c o n d itio n s  o f s to ra g e  app ly ing  when assay s  
were no t conducted a t  once. An a ttem p t was a lso  mate to  d is ­
t in g u is h  two peaks o f DNAase a c t iv i t y  in  some o f th e  m aterials®  
The e f f e c t  o f  x iltra-souzid  upon th e  l i b e r  action o f ensymes from 
th e  p a r t i c le  f r a c t io n s  was a lso  s tu d ie d  in  a  few in e ta n o e s .
I t  would have been p re fe ra b le  i f  th e se  q u e s tio n s  had been 
r ig o ro u s ly  examined in  a l l  th e  m a te r ia ls  s tud ied*  f o r  .i^oasons 
o f tim e i t  was not p o s s ib le  to  do th is *  To a c e r ta in  e x te n t 
shox^t'-cuts mero ta k e n , as where th e  r e s u l t s  on assays fx^om 
d i f f e r e n t  m a te x la ls  have been c o l la te d ;  where th e  x^esults on
1Ü6 •
\
. \
o n e  t y p e  o f  l e s i o n  h a v e  b e e n  e x t r a ^ p o l a t e d  t o  a l l  t i s i m e à ^ o f  
t h e  s a m e  o r g a n ;  a n d  w h e r e  t h e  p r o p e r t i e s  o f  a n  en& ;ym e a s s a y  
i n  o n e  o y t o p l a e m i c  f x ^ g i o t l o n  h a v e , w h e r e  s a t i s f a c t o i e y , b e e n  
t a , k e n  arj a p p r o v a l  f o r  t h e  u s e  o f  a n  i d e n t i e a l  t e c h n i q u e  i n  a l l  
f r a o t i o n s  o f  t h a t  t i s s u e  «> T h e  m o o t  s e r i o u s  o m i s s i o n  -  t h e  
f a i l u r e  t o  c h e o l c  t h e  m o r p h o l o g y  o f  a l l  p a r t i c u l a t e  p r e p a r a t i o n s  -  
w a s  u n a v o i d a b l e  ; t h e  a n a l y s i s  o f  a  s i n g l e  p r e p a r a t i o n  e n t a i l e d  
a  c o l l e a g u e  i n  o n e  e n t t e e  w e e k ^ e  w o r k  a n d  r e p r e s e n t e d  a  o o n ^  
B i d e r a h l e  p e r s o n a l  f a v o u r *  F o r  t h i s  r e a s o n ,  i n v e r t e d  c o m m a s  
a r e  u s e d  t o  e m p h a s i s e  t h a t  t h e  t e r m s  ' ^ M i t o c h o n d r i a l ' *  a n d  ' 'M i o x ^ o -  
s o m a l ' *  a r e  o n l y  v e r y  a p p r o x i m a t e  d e s c r i p t i o n s  o f  t h e s e  f r a c t i o n s  * 
W i t h i n  t h e s e  l i m i t s  » t h e  t e c h n i q u e s  a d o p t e d  \ 7 o r o  f o u n d  a . d e q u a t ©  
f o r  t h e  p u r p o s e s  t o  w h i c h  t h e y  w e r e  p u t  » p r o v i d e d  a c c o u n t  i s  
t a k e n  o f  c e r t a i n  r e s e r v a t i o n s  w h i c h  a r e  f u l l y  e x p l a i n e d  i n  t h e  
D i s c u s s i o n .
E n z y m e  S t a b i l i t y
II   . . . . . . . . . . .  .
T h i s  w a s  t e s t e d  b y  t a k i n g  1 0  s a m p l e s  f o r  e a c h  e n z y m e  s t u d i e d  
Û r a v m  f r o m  a  v a r i e t y  o f  l a a t e r i a l s ,  T h e  s t u d i e s  o n  a l k *  a n d  
a c i d  H î ï A a a e s  w e r e  c o n d u c t e d  o n  3 s e r a ,  2 u r i n e s , 3 s u p e r n a t a n t s  
o f  . . :  ^ t h y x ’o i d  t i s s u e ,  a n d  o n e  s u p e r n a t a n t  e a c h  f r o m  n o r m a l  
b r e a s t  a n d  n o r m a l  c e r v i x *  T h e  s a m p l e s  u s e d  t o  s t u d y  t h e  
s t a b i l i t y  o f  b o t h  D N A a s e s  c o n s i s t e d  o f  S u r i n e s  a n d  5 s u p e r ­
n a t a n t s  o f  v a r i o u s  t i s s u e s *  T i s s u e  s u p e r n a t a n t s  o n l y  w e r e
u s e d  f o r  t h e  e x p e x n l m e n t s  o n  a d e n o s i n e  d e a m i n a . s e  s t a b i l i t y *
E s t i m a t i o n s  o n  e a c h  s a m p l e  w e r e  c a r r i e d  o u t  i n  d u p l i c a t e  a s
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B o o n  a s  p r a o t i c a b l e ;  i n  o n e  o r  t v m  i n o t a n c o s  t h i s  m e a n t  o n  
t h e  f o l l o w i n g  d a y ,  i n  w h i c h  c a s e  t h e y  w e r e  k e p t  a t  4^  o v e r n i g h t #  
T h e r e a f t e r  a s s a y s  w e r e  c a r r i e d  o u t  i n  d u p l i c a t e  i n  a l l ,  s a m p l e s  
a f t e r  a  f u r t h e r  2 4  h o u r s  a t  20^  ( r o o m  t e m p e r a t u r e ) ,  34 h o u r s  
a t  4^  ( d o m e s t i c  r e f r i g e r a t o r ) , 48 h o u r s  a t  4^ ,  1 w e e k  a t  --'20^ ,  
a n d  4 w e e k s  a t  ^ 2 0  # T o  c a r r y  o u t  t h i s  s c h e m e ,  e a c h  s p e c i m e n  
w a s  d i v i d e d  i n t o  f i v e  p o x t i o n s  t r e a t e d  i n  o n e  o r  o t h e s ?  o f  t h e  
a b o v e  m a n n e r s  im m ediately  a f t e r  t h e  p re lim in a ry  a s s a y *
T h e  d a t a  o b t a i n e d  a r e  s m i i m a i ’i a e d  i n  T a b l e  1  w h e r e  t h o  
m e a n  a c t i v i t y .  : a f t e r  e a . c h  m e t h o d  o f  s t o r a g e  I s  e x p r e s s e d  a s  
a  p e r c e n t a g e  o f  t h e  i n i t i a l  v a . l u e *  T o  o b t a i n  t h e s e  m e a n s ,  t h e  
i n d i v i d u a l  v a l u e s  f o r  b o t h  R l l A a s e s  a n d  a d e n o s i n e  d e a m i n a s e  w e r e  
e x p r e s s e d  a s  a  " p e r c e n t a g e  o f  t h e  i n i t i a l  v j „ u e  f o r  t h a t  s p e c i m e n  
a ,n d  t h e  a v e r a g e  a t  e a c h  t i m e  I n t e r v a l  w a s  c a l c u l a t e d *  A d i f f ­
e r e n t  m e t h o d  w a s  a d o p t e d  f o r  b o t h  D N A a s e s ;  t h i s  w a s  n e c a s s i t a t e d  
b y  t h e  l e v /  v a l u e s  f o r  u r i n a r y  D N A a s e  I I  a n d  s u p e r n a t a n t  D N A a s e  I ,  
w h e r e b y  a  s m a l l  num erical c h a n g e  i n  a c t i v i t y  w a s  r e f l e c t e d  a s  
a n  e n o r m o u s  c h a n g e  i n  p ercen tage  * T o  o v e r c o m e  t h i s  d i f f i c u l t y ,  
t h e  t o t a l  n u m b e r  o f  u n i t s  i n  a . l l  t e n  s a m p l e s  w e r e  a d d e d ,  -am i 
t h e  s u m  o f  t h e  a c t i v i t i e s  a t  e a c h  i n t e r v a l  e x p r e s s e d  a s  a  p e r - *  
e e n t a g e  o f  t h e  i n i t i a l  f i g u r e *
S o m e  c h a n g e s  a r e  i n d e e d  a%)parent » b u t  i n  t h e  main t h e s e  
w e r e  e r r a t i c *  A n a l y s i s  o f  t h e  d a t a  v m s  c a x u ? l e d  o u t  b y  a . p p X y i n g  
t h e  N u l l  H y p o t h e s i s  in  a l l  i n s t a n c e s  w h e r e  t h e  m e a n  v a l u e  a f t e r  
a  c e : e t a / i n  i n t e r v a l  d i f f e r e d  b y  mox^e t h a n  5/^ f r o m  t h e  i n i t i a l  
m e a n .  T h e  o n l y  d i f f e r e n c e s  w h i c h  p r o v e d  t o  b e  s i g n i f i c a n t
Eggo (Test-Blank)
0.6 Aik. RNAase of Urine
J O
Aik. RNAase of Normal 
Thyroid Supernatant ..0.4
Acid RNAase of Normal 
Thyroid Supernatant0 . 2  -
0.1 0.2 0.3
VOLUME OF TEST MATERIAL (m l.) ADDED TO INCUBATION MIXTURE
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w ex ’Q c i e c x ’e a a e d  a o t i v i t y  o f  a d e n o s i n e  d e a m i n a s e  a f t e r  2 4  h e u r e s  
a t  20^^  a n d  a f t e a ?  4 8  h o u r s  a t  4^*^ S t o r a g e  o f  s a î i i p l e s  f o r  a s s c g  
( f  a d e n o s i n e  d e a m i n a s e  a o t l v i t y  w a s  a l w a y s  a t  - 20^  i n  t h e  w o r k  
t o  h e  r e  . p o r t e d *  F o r  t h e  o t h e r  e n s y m e s ,  n o  c o n d i t i o n  o f  s t o r a g e  
w a s  u s e d  w h i c h  w a s  n o t  o n e  o r  o t h e r  o f  t h e  e x a m p l e s  l i s t e d  i n  
3 a b l e  1 .
A s s a y  o f  E H A a s e s
I t  T i iu a t  h e  c l e ^ i r l y  i m d e r s t o o d  t h a t  t h e  e s t i m a t i o n  o f  I l h A a s e  
a c t i v i t y  g a n d  a l s o  o f  I M a s e  a c t i v i t y  9 a s  u s e d  i n  t h i s  w o r k  
d e p e n d s  u p o n  a n  e m p i r i c a l  a n d  m b i t r a r y  p h e n o m e n o n #  t h e  a l i i l i t y  
o f  t h e  e n z y m e  t o  d e g r a d e  i t s  m a c r o m o l e c u l a r  s u b s t r a t e  t o  f r a g m e n t s  
e m a i l  e n o u g h  t o  r e m a i n  s o l u b l e  i n  t h e  p r e s e n c e  o f  s t j ? o n g  a c i d s  
w h i c h  p r e c i p i t a t e  o l i g o n u c l e o t i d e s  a b o v e  a  c e r t a i n  c h a i n  l e n g t h .
I t  i s  i n  n o  s e n s e  a  d i r e c t  r a e a s i i r e m e n t  o f  t h e  n u m b e r  o f  b o n d s  
i n  t h e  s u b s t r a t e  r u p t u r e d  b y  t h e  e n z y m e  ; t h o u g h  t h e r e  m u s t  o f  
c o u r s e  b e  s o m e  c o n n e c t i o n  b e t w e e n  t h e  t w o  p r o c e s s e s ^  I ’h e  
r e l a t i e m i h i p  b e t w e e n  t h e  e x t i n c t i o n  a t  2 6 0  n)ji o f  t h e  a . c i d - s o l u b l e  
p r o d u c t s  r e l e a s e d  b y  E h 'A a s e  a c t i o n ?  a n d  t h e  a m o u n t  o f  e n z y m e  
s o l u t i o n  a d d e d  t o  t h e  r e a c t i o n  m i x t i i r e  w a s  e x a m i n e d  im dex '*  a c i d  
a n d  a l k a l i n e  c o n d i t i o n s  i n  2  e e r a j  2  u r i n e s  a n d  2 s u p e r n a t a n t s  g 
u s i n g  ( i u a d n i ; p l i e a t a  a s s a y s  a t  e a c h  p o i n t .  I h e  v o l u m e  o f  t h e  
m i x t u r e  a n d  t h e  % o n e e n t r a . t i o n  o f  a l l  r e a g e n t s  w e r e  k e p t  c o n s t a n t  
t h r o u g h o u t .  B e p r e s o n t a t i v a  o f  t h e  c u r v e s  o b t a i n e d  a r e  t h o s e  
s h o w n  i n  F i g u r e  .. 9  •  f h e  s a l i e n t  p o i n t  i v h i c h  e m e r g e d  fx*om
t h i s  s t u d y  i s  t h a t  9 i r r e s p e c t i v e  o f  t h e  m a t e r i a l  a s s a y e d  o r  t h o
KINETICS OF RIBONUC LEASES
CiNdREASE OF EgQQ OF ACID-SOLUBLE FRAGMENTS 
AS FUNCTION OF TIME OF INCUBATION.RIBONUC LEASE'A 
A C T IV IT Y  '
0.3
IgQQ {Test - Zero Time Control) ;
0,2
O Aik, RNAase
#  . Acid RNAase
:4o
TIME OF INCUBATION (MINUTES)
w m sm  10
a m o u n t  a d d e d p  l i n e a r i t y  d o e s  n o t  h o l d  a h o v e  a n  o ; f  0 . 4 »
A n o t h e r  a p p r o a c h  v / h l o h  y i e l d e d  a  e l m l l a r  c o n c l u s i o n  v m s  a  s t u d y  
o f  t h e  r e l e a s e  o f  a c l d - ^ s o l u h l o  p r o d u c t s  w i t h  t i m e .  !D h is  w a s  
o o n d u o t e d  o n  o n e  s a m p l e  e a c h  o f  a e r u m p  u r i n e  a n d  b r e a s t  s u p e r ™  
n a t a n t .  A l a r g e  v o l u m e  o f  t h e  x * e a c t i o n  m i x t u r e  w a s  i n c u b a t e d  
a t  37^9 a , t  % ;ero  t i m e  a n d  a t  v a r i o u s  t i m e  i n t e r v a l e  t h e r e a f t e r j  
a l i g . u o t e  o f  3 m l»  v f o r e  ^ w i t h d r a w n  i n  f i u p l l o a t e  a n d  a d d e d  t o  t h e  
u r a i % r l  a o e t a t e / p e r c h l o r i c  a c i d  r e a g e n t  a n d  p r o c e e d e d  i n  t h e  
u s u a l  m a n n e r .  f y p i o a l  r e s u l t s  o b t a i n e d  a r e  s h o w n  i n  F i g u r e  
XO f r o m  w h i c h  i t  m a y  b e  s e e n  t h a t  t h e  r e a c t i o n  i s  l i n e a r ?  
w i t h  t i m e  u p  t o  a n  e x t i n c t i o n  o f  0 . 3 ^  B y  c h a ^ n a e  r a t h e r  t h a n  
b y  d e s i g n  g i t  h a p p e n e d  t h a t  n o  r e s u l t  i n  th l E ^  g r o u p  o f  e x p é r i ­
m e n t e  e x c e e d e d  a n  e x t i n c t i o n  o f  0 . 3 #  I t  w a s  c o n c l u d e d  t h a t  
u p  t o  t h i s  l e v e l s  a l l  r e s u l t s  c o u l d  b e  a o e c p t e d  a s  d i r e c t l y  
p r o p o r t i o n a l  t o  eu E sy m e c o n c e n t r a t i o n .  V a l u e s  a b o v e  0 * 3  w e r e  
t r e a t e d  a s  a n  i n d i c a t i o n  t o  r e p e a t  t h e  a s s a y  u s i n g  m o r e  d i l u t e  
m a t e r i a l ^  a n d  t h i s  p r i n c i p l e  w a s  a d h e r e d  t o  d u r i n g  a l l  s u b s e t p i e n t  
e x p e r i m e n t a l  w o z ic .  O n e  o t h e r  f e a , t u r e  d e s e r v e s  c o m m e n t  * I t  
i s  n o t e w o r t h y  t h a t  t h e  l i n e s  a s  d r a w n  i n  F i g u r e  10 d o  n o t  p a s s  
t h r o u g h  t h e  o r i g i n  d e s p i t e  t h e  f a c t  t h a t  a  ^ e r o - t l m e  b l a n k  
h a s  b e e n  d e d u c t e d  f r o m  e a c h  p o i n t .  * fh e  e x p l a n a t i o n  o f  t h i s  
c u r i o u s  f e a t u r e  a l m o s t  c e r t a i n l y  l i e s  i n  a  v e r y  f a s t  i n i t i a l  
p h a s e  o f  H HA a.Be a c t i v i t y  b e f o r e  t h e  r e a c t i o n  s e t t l e s  d o v a i  t o  
f o l l o w  a  l i n e a r  r a t e .  A n  i d e n t i c a l  o b s e r v a t i o n  v /a s  r e c o r d e d  
b y  K a l n l t s k y  e t  a l ®  ( 1959 )  u s i n g  a  v e r y  s i m i l a r  m e t h o d  f o r  a s s a y  
o f  c r y s t a l l i n e  p a n o r e a t i o  R N A aE ^e .
pH-ACTIVITY CURVE FOR 
RIBONUC LEASES OF SERUM, URINE AND BREAST
RIBONUC LEASE 
ACTIVITY
0.7-1 IgQQ (Teat-Blank)
#  #  0 .5 'ml. Serum
. 0  ”  O  0 .2  ml Urine
0.5 ml Breast Supernatant ' ■
0.4 -
6 .0
ACETATE PHOSPHATE TRIS/HCl
pH OF BUFFER (0. IM)
gionm i 11
m hkT iQ im m  BiEOM icmsB a o w i t ï
Mm 0  m  nmnmTiom
pH ACTIVITY CURVE- FOR 8ERUM ANUi/,BREAST
RIBONUC LEASE
Ac tiv ity
0 . 6-1
IggQ (Test-Blank)
0.4
0.2 -
0“"0 0.5 ml Serum in 0, IM Succinate Buffer 
@ @ 0.5 ml Breast Supernatant in 0. IM Phthalate Buffer
6.0 6.54.5 5.55 .0
pH OF BUFFER
glGBHF. 12
m m noam ip hibohcoleass A c m iîr
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ïiBX'b t o  be examrUied w as t h e  r e l a t i o n s h i p
b e tw e e n  t h o s e  a o t l v l t l e e  d e s i g n a t e d  a s  * a lk #  RNAase* and  
f a c i d  RNAase  ^ i n  some o f  t h e  m a t e r i a l s  t o  h e  s t u d i o  cl# T h is  
w o rk  w as r e  s t r i c t e  d t o  serum ^ u r i n e   ^ and  t h e  s u p e r n a t a n t  
f r a o t l o n s  o f  b r e a s t  (o n e  c a s e  e a c h  o f  f ib ro a d e n o m a  an d  c y s t i c  
m a s to p a th y )  an d  c e r v i z  (o n e  c a s e  e a c h  o f  n o rm a l an d  c a r c in o m a ) # 
The heham onx" o f  a l l  t h e  s a m p le s  w as r e m a rk a b ly  s i m i l a r  f ro m  
a  ( # a l l t a . t i v o  p o i n t  o f  T ie w . The cha.nge o f  a c t i v i t y  w i th  pH 
i s  show n f o r  se rum ^ u r i n e   ^ an d  b r e a s t  s i i p e r n a t a n t  i n  F ig u r e  11 .
A b r o a d  p e a k  i s  a p p a r e n t  b e tw e e n  pH t  an d  pH 8 . 5  p r o b a b ly  
m ax im a l a t  pH 8^ T h e re  w as e v id e n c e  o f  a n  a d d i t i o n a l  p e a k  
a t  pH 5,3.5 i n  a l l  t h r e e  m a t e r i a l s  ; b u t  a s  t h i s  c o in o id e c l  v/:lth  
a  ch a n g e  o f  b u f f e r ^  i t  c o u ld  n o t  be  a c c e p te d  w i th o u t  f u r t h e r  
e x a m in â t  io n  A c c o r d in g ly   ^ f u r t h e r  e x p e r im e n ts  w ere  c a r r i e d  
o u t t o  co v e r th e  c r i t i c a l  r a n g e , The f i r s t  s e t j  u s in g  % )hthalate 
b u f f e r s   ^ p roduced  v e ry  h ig h  b la n k s  b ecau se  o f  th e  h ig h  e x t i n o -  
t i o n  i n  th e  u l t r a v i o l e t  a s s o e l a te d  w ith  th e  o rg a u io  a n io n .
The seco n d  s e t   ^ u s in g  s iio o in a tG  b u f f e r s  was more s a t i s f a c t o r y  
and a g re e d  reasoneib^y  w e l l  w ith  th e  p re v io u s  s e t .  One exam ple 
from  each  s e t  i s  shown in  F ig u re  12 from  w hich i t  w i l l  be 
app£xx-ent th s . t  no c l e a r  e v id e n c e  o f  a  peak in  th e  a c id  ra n g e  
was o b ta in e d ^
E e v e r th e le sB  fu r th e r?  work w a s  u n d e r ta k e n  in  an  a t te m ’p t  t o  
co n firm  t h i s  by s tu d y in g  th e  e f f e c t s  o f  d i f f e r e n t  t r e a tm e n ts  
on th e  a c t i v i t y  a t  two pH v a lu e s  y o n e  i n  th e  a l k a l i n e  and th e  
o th e r  i n  th e  a c id  r a n g e .  The r e s u l t s  o f  such  an  e x p e rim e n t
TABLE 8.
2 rea tm @ a t Sggo pH Î.4 ® 260 5 ^ 5 ,6
60° 1 hour 42 62
100° 2 lain 20 32
im 'À  1x10”% 89 78
PCSIB 1 s  10” %  
if"
103 123
PGMB 2 X 10**% 102 129
1 3C 10“ % 110 127
2 X 10“ % 103 132
ÏÆg*^ "' 3 X 10“ % 106 150
Mg'*"*' 8 X 10“ % 90 139
Mg'*"*' 1 X 10"% 84 123
mÆBm 2. 
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A m  lOID pH
B uffe rs* , ‘f r i s  pH ï* 4  (0*11 ) ..A o e ia ie  pïï 5 .6  (0*11)
Mg
BDTA
a s  M gGl^*.îÏÏgÔ
M£Sl.Ohloromerourlboimolo Acid 
I th y le m ^ d ia ia e i 'e t r a - a c e t ic  a c id  y d lso d tam  s a l i
B i r s i  column g iv e s  c o n d i t io n s  o f  h e a t in g  o r  f i n a l  
c o n c e r i t r a t io n  o f  r e a g e n t  added 
t o  s ta n d a r d  in c u b a t io n  m ix tu re  ^
Second and t h i r d  colum ns g iv e  r e s u l t s  o f  d u p l i c a t e  
a s s a y s  a s  pex^oentage o f  v a lu e  f o r  u n t r e a te d  c o n tro l-
I l l
w ith  normal serum a re  shown in  Table 2 where th e  r e s u l t s  o f 
ai3 .adraplicate an a ly se s  on th e  eame specimen under v a r io u s  eon- 
d i t io n s  a re  g iv en  as a  percen tag e  o f th e  u n tre a te d  c o n tro l f o r  
th a t  specim en. Some d if fe re n c e s  a re  apparen t ? e s p e c ia l ly  in  
th e  e f f e c t  o f magnesium c h lo r id e  upon th e  two a c t i v i t i e s  
However one co m p lica tio n  a ro se  which should he m entioned a t  
t h i s  s ta g e  and which p reven ted  0. c le a r -o u t  co n c lu sio n  being 
reached* In  a l l  samiples c o n ta in in g  p ro te in  g and es]peo ia lly  
w ith  serum which o f course had th e  h ig h e s t p ro te in  c o n c e n tra tio n  
of a l l ,  tu :e b id ity  developed on adding th e  t e s t  z iia te ria l to  th e  
a c id  b u f f e r - s u b s t r a te  m ixture* An i d e n t i c a l  occurrenoe was 
observed w ith  DNAase I I  e s t im a tio n s .  This tu r b id i ty  was no t 
found when th e  n u c le ic  a c id  a lone  was added to  th e ’ b u f fe r  o:e 
when th e  t e s t  m a te r ia l  a lone was added excep t in  so f a r  as a 
s l i g h t  hasic was seen  in  some in s ta n c e s  ; nor was th io  phenomenon 
ev er obeervcd w ith  nuclease  assay s  conducted in  an a lk a l in e  
medium* The e x p la n a tio n  alm ost c e r ta in ly  l i e s  in  th e  fo rm atio n  
o f complexes between n u c le ic  a c id s  and a c id ic  p ro te in ,  s in c e  
such complexes have been f re q u e n tly  d esc rib ed  and indeed form 
th e  ba/jis f o r  s e v e ra l  methods o f e s tim a tin g  n u clease  a c t iv i t y  
(Houckg 1 9 5 8 a,; 1 9 5 9  ? f i e r s  and H o l le r , I9 6 0  ). In  view o f t h i s ,  
i t  v/as p o s s ib le  th a t  th e  e f f e c t  o f  magnesium c h lo rid e  was upon 
th e  s u b s t r a te  ra-ther th an  upon th e  ensyme* One o r two a ttem p ts  
to  re so lv e  t h i s  iiu es tio n  were i n i t i a t e d ,  such as a study  o f th e  
actlva^ ting  e f f e c t  o f a  f ix e d  c o n e e n tra tio n  o f magnesium c h lo r id e  
in  th e  p resence  o f in c re a s in g  c o n c e n tra tio n s  o f s b s t r a t e ,  bu t
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th o se  were soon abandoned as being p e r ip h e ra l  to  th e  a?eal 
purpose o f  t h i s  in v e s t ig a t io n .  I t  la  n e o e s e a r y  sim ply to  
make i t  c le a r  th a t  d e f in i te  ev idence f o r  th e  e x is te n c e  o f 
s e p a ra te  ÉNAases in  th e  m a te r ia ls  s tu d ie d  has no t béen obta ined*  
These p o in ts  w i l l  he oonBlderod l a t e r  when th e  x^esults on th e  
v a r io u s  t i s s u e s  and f lu id s  a re  d isc u sse d . In  p a s s in g , i t  
should  he s ta te d  th a t  n e i th e r  o f  th e  c e rv ix  su p e rn a ta n ts  ex­
amined showed any in d ic a t io n  o f a peaic o f BNAaee a c t iv i t y  in  
th e  a c id  ra n g e | th e  peak in  th e  a lk a l in e  range was f u r th e r  to  
th e  l e f t  th a n  th o se  o f th e  sam plea shown in  F igure  and 
worked ou t &it approx im ately  pH 7.4*
Assay o f  DNAases.
Once agann, th e  p r in c ip le  o f  th e  methods was wq 1 1 -e s ta l) l is h e d , 
and invo lved  measurement o f th e  ac id  so lu b le  p^roducts re le a s e d  
from th e  s u b s t r a te  by enssyme ac tio n *  However, i n  t h i s  c a se , 
two methods were examined and compared befoi'e a d e f in i te  cho ice 
was made* T his stemmed, in  f a c t , f i ’om th e  u n s a t is f a e to ry  
n a tu re  o f th e  f i r s t  method employed* In  t h i s ,  th e  a c id  so lu b le  
p roducts  o f d ig e s t io n  were measureci b y  th e  dlphenylam lno r e a c t io n  
o f Disclie f o r  d eo x y rib o se -o o n ta ln in g  compounds (D isehe , 1955). 
Although t h i s  co lo u r r e a c t io n  occup ies a hallow ed p lace  in  
n u c le ic  ac id  o h esiie try , and has been used  by seveical in v e s t­
ig a to r s  f o r  assay  o f BMaee u nder c o n d itio n s  id e n t ic a l  to  th o se  
used  b y  th e  p re se n t a u th o r , s e v e ra l  f e a tu re s  caused concern . 
C ontrary  to  D ische, th e  r e a c t io n  was found to  bo tim e dependent;
1 1 3 *
m o r e o v e r ,  f a o t o r s  o u c h  a s  t h e  p o E i i t i o m  o f  t h e  t u b e  i n  t h e  
b o i l i n g  v / a t e r - b a t h  ->■ w h e t h e r  o r  n o t  i t  r e s t e d  o n  t h e  b o t t o m  
a n d  w a s  t h e r e f o r e  o i t b j o o t e d  , t o  d i r e o t  h e a t  -  i n f l u e n c e d  t h e  
i n t e n s i t y  o f  t h e  b l u e  p i g m e n t  p r o d u c e d .  M o r e  s e r i o u s  d i f f i ­
c u l t i e s  a r o s e ,  h o w e v e r ,  i n  t h e  f o r m  o f  i n t e r f e r i n g  B u 'b E J t a n o e s . .
I n  m o s t  s p e c i m e n s , s o m e  a c i d —s o l u b l e  p e p t i d e  m a t e r i a l  w a s  p r e s e n t  
a l o n g  w i t h  t h e  d i g e s t i o n  p r o d u c t s  o f  D N A a s e  a c t i o n ;  i n  t h y r o i d ,  
m a t e r i a l  o t h e r  t h a n  p r o t e i n  -  m o s t  p r o b a b l y  c a z 'b o h y d r a t e  i n  
v i e w  o f  t h e  k n o w n  c o n t e n t  o f  m u o o p r o t e i n  i n  t h i s  t i s s u e  w h i c h  
i s  e a p e c i a l l y  h i g h  i n  t h e  • C o l l o i d *  p o o l  ( D e m p s e y ,  1 9 5 5 )  
i n t e r f e r e d  w i t h  t h e  e s t i m a t i o n ;  i n  u r i n e ,  t h e  v a l u e s  f o r  t h e  
b l a n k s  w e r e  r e m a r k a b l y  h i g h  p a r t l y  d u e  t o  t h e  p r e s e n c e  o f  
n u c l e i c  a c i d  d e 3? l v a t i v e s , b u t  p r o b a b l y  a l s o  d u e  t o  c a r b o h y d r a t e  
d e r i v a t i v ' e s  s u c h  a s  g l ^ ^ o o p r o t e i n s  w h i c h  a r e  p r e s e n t  i n  h u m a n  
u r i n e  ( D i s o h e , K a w a s a k i ,  H o t h e c h i l d ,  D a n i l c h e n k o  a n d  ^ S i n s s e r ,
1 9 6 4  )- D i s C h e  h a s  h i m s e l f  g i v e n  c e r t a i n  c o r r e c t i o n  f a c t o r s  
f o r  d e a l i n g  w i t h  t h e s e  d i f f i c u l t i e s ,  I m t  t h e  g r e a t e s t  d i f f i ­
c u l t y  o f  a l l  a r o s e  I n  a n  e n t i r e l y  d i f f e r e n t  r e s p e c t .  I t  w a s  
s i m p l y  n o n - s p e c i f i c  c h a r r i n g  o f  t h e  t e s t  m a t e r i a l  a s  a  r e s u l t  
o f  b o i l i n g  u p  o r g a n i c  m a t t e x "  w i t h  t h e  o o n e e n t r a t i o n  o f  E m l p h u r i e  
a c i d  u s e d  i n  t h e  d i p h e n y l a m i n e  r e a g e n t .  O f  t h i s  d i f f i c u l t y ,  
D i s o h e  m a k e s  n o  m e n t i o n .  T h e  o n l y  p o s s i b l e  w a y  o f  c o r r e c t i n g  
f o r  t h i s 3 w o u l d  h a n r e  b e e n  t o  m m  s u l p h u r i c  a c i d  b l a n k s  o n  b o t h  
t e s t  a n d  c o n t r o l  f o r  e a c h  o n s y m e  a s s a y *
B e e a u s € i  o f  t h e s e  d i f f i c u l t i e s , i t  w a s  t h o u g h t  p r e f e r a b l e  
t o  m e a s u r e  t h e  e x t i n c t i o n  o f  t h e  t e s t  s o l u t i o n  a f t e r  a d d i t i o n
ASSAY OF DNAase A C T iyiT y BY DIPHENYLAMINE AND 
SPECTROPHOTOMETRIC METHODS: RESULTS ON SAME SPECIMEN
DIPHENYLAMINE
METHOD OX
QY
0 .50  -1
0.30  -
0 . 10  -
0. 200.150.100.05
SPECTROPHOTOMETRIC METHOD
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o f  t r i -  o h  l o r o  a o e  11 o  a c i d  a t  2 6 0  q r  a n d  t o  e m p l o y  t h i o  a s  a n  
i n d e x  o f  e n z y m e  a c t i v i t y *  A l t h o u g h  t h i s  p r e c i p i t a n t  i s
u n p o p u l a r  i n  e s t i m a t i o n s  i n v o l v i n g  m e a s u r e m e n t s  i n  t h e  u l t r a * -  
v i o 3 . e t j  i t s  e x t i n c t i o n  w a s  n o t  a  p r o b l e m  i n  t h e  d i l u t i o n s  w h i c h  
w e r e  m a d e  f o r  m e a s u r i n g  ^ g g O  t e s t  a n d  c o n t r o l  s o l u t i o n s * ,
S h e  v a / l u e  f o r  t h e  c o n t r o l s  w a s  a B  a  r u l e  o n l y  a b o u t  80>5 a b o v e  
t h e  v a l u e s  g i v e n  b y  t h e  E l f A a e e  o o n t r o l s g  E ind i t  w a s  n o t  c o n ­
s i d e r e d  n e c e s s a r y  t o  a l t e r  t h e  p r e c i p i t a n t  o n  t h e s e  g r o u n d s *
I t  w a s  s t i l l  f e l t  n e c e s s a r y  t o  c o r r e c t  f o r  a c i d  s o l u b l e  p e p t i d e  
m a t e r i a l j  a n d  i n  m a n y  s a m p l e s  o f  c e l l  p a r t i c l e  f r a c t i o n s   ^ a  
s l i g h t  t u r b i d i t y  p e r s i s t e d  a f t e r  a d d i t i o n  o f  t h e  a c i d  w h i c h  
w a s  p r o ^ b a b l y  d u e  t o  l i p i d ^  a n d  c o u l d  n o t  b e  p r e c i p i t a t e d  e v e n  
b y  a d d i t i o n  o f  c a r r i e r  a l b i m i n *  T o  c o r r e c t  f o r  b o t h  t h e s e  
h a s a r d e 9 t h e  e x t i n c t i o n  o f  t h e  s o l u t i o n  a t  290 mp. w a s  s u b t r a c t e d  
f r o m  t h a t  a t  260 i n  b o t h  t e s t  a n d  c o n t r o l *
C o m p a r i s o n  o f  t h e  t v m  m e t h o d s  w a s  m a d e  b y  c a r r y i n g  o u t  
d u p l i c a t e  a n a l y s e s  o f  2 0  s a m p 3 .e e  o f  V a r i o u s  b i o l o g i c a l  s a m p l e s  
b y  b o t h  m e t h o d s *  f h e  r e s u l t s  a r e  p l o t t e d  i n  F i g u r e  13 a n d  
g i v e  a  c o r r e l a t i o n  c o e f f i c i e n t  r  ~  0 *933 ? t  -  13*065 p <  0 *001* 
T l i o  m o s t  n o t e ? / o r t h y  f e a t u r e ,  a , p a r t  f r o m  t h e  g o o d  a g r e e m e n t  
b e t w e e n  t h e  t w o  m e t h o d s ,  i s  t h a t  a t  l o w  v a l u e s ,  t h e  B i s o h e  re*** 
a c t i o n  t e n d e d  t o  g i v e  h i g h  r e s u l t s ,  w h e r e a s  w i t h  v e r e y  a c t i v e  
s a m p l e s  t h e  a g r e e m e n t  w a s  e x t r e m e ] ^  s a t i s f a . e t o r y  * A l t h o u g h  
t h e  f a c t o r  g i v e n  b y  B i s c h e  ( 1955 )  f o x '  c o r r e c t i o n  o f  i n t e r f e r e n c e  
d u e  t o  p e p t i d e s  w a s  u s e d ,  i t  i s  p r o b a b l e  t h a t  t h i s  w a s  i n a d o c i u a t e  
a n d  t h a t  t h e  e x t i n c t i o n  m e a s u r e d  w a s  i n c r e a s e d  b y  b a c k g r o u n d
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c h a r r i n g  w h i c h  a t  l o w  a o t i T i t i e a  m a d e  a  c o n e i d e r a h l e  d i f f e r e n c e  
t o  t h e  a c t u a l  m e a s u r e m e n t  » w h e r e a s  t h i s  i n t e r f e r e n c e  w a s  n o t  
BO i m p o r t a n t  a t  h i g h  a c t i v i t y . ^  $ h e  o t h e r  f e a t u r e  o f  I n t o r e o t  
i s  t h a t  t w o  p o i n t s  s h o w n  i n  t h e  F i g u r e  a s  X  a n d  Y  w e r e  e x c l u d e d  
f r o m  t h e  c a l c u l a t i o n  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  s i n c e  t h e y  
w e r e  w i l d l y  a t  v a r i a n c e  w i t h  t h e  r e s t  o f  t h e  d a ; b a .  S îh e e e  w e r e  
i n  f a c t  t h e  o n l y  t w o  s a m p l e s  o f  t h y r o i d  s u p e r n a t a n t  s t u d i e d  
a n d  c a m e  f r o m  n o r m a l  g l a n d s  w ^ i th  a  h i g h  * O o l l o l d *  c o n t e n t ?  '
I t  i s  a l m o s t  c e r t a i n  t h a t  I n t e r f e r e n c e  I n  t h e  e s t i m a t i o n  h y  
c a r h o l i y d r a t G  s u b s t a n c e s  c o n t a i n e d  i n  • O o X l o i d ^  c o n t r i b u t e d  t o  
t h e  d i s p r o p o r t i o n a t e l y  h i g h  e x t i n c t i o n  g i v e n  b y  t h e  M s o h o  r e ­
a c t i o n  $ s i n c e  i n  a  s t u d y  o f  t h e  s u i t a b i l i t y  o f  a  s i m i l a r  r e a c t i o n  
f o r  DMA a B  a p p l i e d  t o  t h y r o i d  t i s s u e s  -  t h e  i n d o l e / h y d r o  c h l o r i c  
a c i d  m e t h o d  o f  G e r i o t t i  ( 1 9 5 2 ) j a  s i m i l a r  d i f f i c u l t y  w a s  e n -  
c o u n t e r e d  a n d  t h e  m e t h o d  h a d  t o  b e  a b a n d o n e d  ( A y r e ?  1965 ) .
5 !h e  r e l a t i o n s h i p  b e t w e e n  t h e  a c t i v i t y  a s  m e a s u r e d  b y  t h e  
t w o  m e t h o d s  a n d  t h e  a m o u n t  o f  e n s y m e  a d d e d  w a s  s t u d i e d  w i t h  
t h r e e  s a m p l e s  o f  u r i n e  f o r  D N A a s e  X a n d  o n e  s u p e r n a t a n t  f r o m  
e a c h  o f  t h e  t h r e e  t i s s u e s  f o r  D H A a s e  X I*  [ C y p l e a l  o f  t h e  
r e s u l t s  o b t a i n e d  a r e  t h o s e  d e p i c t e d  i n  F i g ; u r e s x 4 a n d  15 *
I t  i s  i n t e r e s t i n g  t h a t  t h e  r a t i o  b e t w e e n  t h e  e x t i n c t i o n  o f  t h e  
b l u e  p i g m e n t  m e a s u r e d  a s  E g g  g  -  '^ 6 5 0  b y  e n s y m e  a c t i o n
a n d  t h e  D'V a d e o r b a n o y  o f  t h e  p r o d u c t s  o f  t h e  s a m e  e n s y r a e  m a t e r i a l  
m e a s u r e d  a s  -^^260 ^  ^290  h i g h e r  i n  t h e  c a s e  o f  u r i n e  a s  
s h o w n  i n  F i g u r e  14 t h a n  i n  t h e  c a s e  o f  c e r v i x  s u p e r n a t a n t  a s  
s h o w n  i n  F i g u r e  15 •  T h i s  b e a r s  o u t  v / h a t  h a s  £ i l r e a d y  b e e n
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s t a t e d  r e g a r d i n g  l a i g l i  b a c k g r o u n d  c o l o u r  I n  t h e  i i r i n e  s a m p l e s  
w h i c h  c a m i G t  b e  o o r r e o t e d  by- a  s i m p l e  e i iB y m e  c o n t r o l s  A  s i m i l a r  
p h e n o m e m o n  w a e  f o u n d  I m  t h e  s a m p l e  o f  t h y r o i d  B i i p e r n a t a n t  u s e d  
f o r  3 ) M a s e  I I  a s s a y *  i n  t h i s  s e t  o f  o x p e r i m e n t v S .
% h e  r e l a t i o n s h i p  b e t w e e n  i n c r e a s i n g  a m o u n t s  o f  e n z y m e  a n d  
t h e  a o t i ' v l t j  r e c o r d e d  a r e  n o t  s t r i c t l y  l i n e a r  w i t h  e i t h e r  m e t h o d ^  
t h o u g h ,  t h e  t w o  a r e  r o u g h l y  c o m p a r a b l e  i n  t h e  e x t e n t  t o  w h i c h  
t h e y  d e v i a t e  f r o m  t r u e  l i n e a r i t y .  A n o t h e r  f e a t u r e  w h i c h  s h o u l d  
b e  p o i n t e d  o u t  a s  a p p a r e n t  i n  t h e s e  r e s u l t s ,  s i n c e  i t  w a s  f o u n d  
w i t h  t h e  o t h e r  s a m p l e s  s t u d i e d  i n  t h i s  s e t  o f  e x p o r i T a e n t s >  i s  
t h e  f a c t  t h a t  t h e  a c t i v i t y  o f  I H A a s e  I  i n  u r i n e  m e a s u r e d  B p e e t x ^ o -  
p h o t o m e t r i c a l l y  a t  4 h o u r s  i s  2 i y f o  o f  t h a t  m e a s u r e d  i n  t h e  s a m e  
f a s h i o n  a t  1  h o u r  o f  i n o u b a t i o m ;  t h e  s u p e r n a t a n t  D N A a s e  I I  
a c t i v i t y  a t  4 h o u r s  w a s  2 4 0 #  o f  t h a t  m e a s u r e d  a t  1 h o u r *  T h e  
r e l e v a n c e  o f  t h i s  o b s e r v a t i o n  i s  a  l i t t l e  c l e a r e r  w h e n  F i g u r e  
1 6  i s  e x a m i n e d *  I h i s  i s  o n e  o f  t w o  e x p e r i m e n t s  i n  w h i c h  
t h e  k i n e t i c s  o f  o n s y m e  a c t i o n  v / e r e  s t u d i e d  f o r  b o t h  D N A a s e s .
I t  a p p e a r s  t h a t  o v e r  t h e  f i r s t  h o u r ^  t h e  r a . t e  o f  r e l e a s e  o f  
a . c i d « * B o l u b l e  f r a g m e n t a  i s  f a s t e r  f o r  D N A a s e  X I  a n d  t h e n  t a i l s  
o f f .  I n  c o n t r a s t  g D N A a s e  I  s e e m s  t o  s h o w  a  l a g  d u r i n g  t h i s  
i n i t i a l  p e r i o d  a n d  t h e n  o p e r a t e s  a t  a  m u c h  f a s t e r  x ^ a t e .  I D h is  
l a g  p e r i o d  f o r  D N A a s e  I  i s  i n  % r c e m e n t  v / i t h  a  ^ s i m i l a r  o b s e r v "  
a t i o n  m a d e  b y  s e v e r a l  w o r k e r s  e i a p l o y i n g  a  v a r i e t y  o f  t e c h n i q u e s  
( E e i c h m a n n j  3 .9 5 6  |  tS c h u m s tk e r  , a t  a l o ?  1956 |  f h o m a s ^  1 9 5 6 ?
W i l l i  m i s  G t  a l .  ? 1 9 6 1  ) a n d  c o n t r a s t s  w i t h  t h e  o b s e r v a t i o n  m a d e
1 1 7  •
b y  H o u c k  ( 1 9 5 9 )  p u s i n g  a  t u x ^ b i  d i m e  t r i e  a s s a y  p x * o c e d u r e ?  t h a t  
a c t i v i t y  t e l l e  o f f  a f t e r  30 m i n *  S h i s  w o u l d  s u p p o r t  t h e  
s u g g e s t i o n  t h a t  D N A a s e  I  o p e r a t e s  b y  L i o u b I e “« h i t  c l e a v a g e  g i # o ,  
i t  s p l i t s  o n l y  o n e  o f  t h e  t w i n  s t r a n d e d  h e l i e e a  o f  D M  a t  a  
t i m e  ( F r e d e r i c a  g 1 9 5 8  ) , I t  m u s t  b e  s t r e s s e d  ? h o w e v e r  g t h a t  
a l l  t h e s e  w o r k e r s  w e r e  u s i n g  o r y s t a l i n o  p a n c r e a t i c  D N A a s e  «
T l i o  a p p a r e n t  k i n e t i c s  o f  D M a s e  I I  i n  t h e  t i s s u e  s u p e x m a t a n t s  
a r e  i n  a g x ^ e e m e n t  w i t h  t h o s e  w o r k e r s  w h o  h a v e  p r o p o s e d  t h a t  
B X ) l e n i c  D N A a s e  I I  o p e r & l e s  b y  s i n g l e - h i t  c l e a v a g e  a t  l e a s t  i n  
t h e  e a r l y  s t a g e s ?  i . e . ? i t  s p l i t s  b o t h  s t r a n d s  o f  DMA s i m u l ­
t a n e o u s l y  a t  t h e  s a m e  l e v e l  ( H e r n a x 'd i  a n d  S a d r o n ?  1961 ;
B e s re u X s ; e t  a l .  @ 1962 ;  B e r n a r d i  g 1964 )«
% h e  m a i n  p x ^ a c t i c a l  c o n c l u £ î i o n  d r a w n  f r o m  t h e s e  s t u d i e s  
w a s  t h a t  t h e  a s s s i y  m e t h o d  c h o s e n  w a s  p x ^ o b a b l y  a s  c l o s e  a s  o n e  
c o u l d  g e t  t o  a  ' f r - u l y  l i n e a r  a n d  s t r i c t l y  p r o p o r t i o n a l  a s s a y  
p r o c e d u r e  w h i c h  c o u l d  b e  a p p l l e d  t o  a s s a y  o f  b o t h  D N A a s e s  i n  
a  w i d e  r a n g e  o f  m a t e r i a l s .  I n d i v i d u a l  v a r i a t i o n s  v m u l d  un*^ 
d o u b t e d X y  h a v e  p r o d u c e d  i m p r o v e m e n t s  f o r  c e r t a i n  m e t h o d s  b u t  
w o u l d  n o t  h a v e  b e e n  g e n e r a l l y  a p p l i c a b l e  i n  v i e w  o f  t h e  w i d e  
B p e c t r u m  o f  a c t i v i t y  t o  b e  m e a e i n e e d  i n  t h e  p r o s p e c t i v e  v / o r k  
s c h e d u l e ^  A o c o x t l i n g l y  ? a n  i n c u b a t i o n  t i m e  o f  4  h o u r s  w a s  
c h o s e n ?  s i n c e  t h i s  w a e  n o c e a s a r y  f o r  l o w  a c t i v i t i e s  s u c h  a s  
t h o s e  f o u n d  i n  s e r u m ;  b u t  a l l  s p e e i r a e n s  i n  \ 7 h i o h  t h e  e x t i n c t i o n  
a s  m e a s u r e d  b y  e x c e e d e d  a  v a l u e  o f  0*20 w e r e
d i l u t e d ?  a n d  s o  f a r  a s  p o s s i b l e  t h i s  s i t i i a ; b i o n  v /a o  a n t i c i p a t e d
1X8,
b y  d i l u t i î î g  s p o e x m e n s  r o u t i n e X y  w hox^e h i g î i  a c t i v i t y  w a s  
a u B p eo te d #
A d e n o s i n e  D e a m i n a s e
S h e  p r i n c i p l e  o f  t h e  m e t h o d  u s e d  w a s  f i r s t  e s t a b l i s h e d  
b y  I l e J . o k a r  ( 1 9 4 T À  a n d  h a d  b e e n  e m p l o y e d  b y  r a a n y  s u b s e q u e n t  
i n v e s t i g a t o r s .  % e  c o n d i t i o n s  u t i l i s e d  i n  t h i s  s t u d y  h a d  
b e e n  d e v e 3 . o p e d  b y  B c h n e i d e r  a n d  H o g e b o o m  ( 1 9 5 2 )  a n d  b y  B o l o m a n  
( 1 9 6 0 ) #  f h e s e  a u t h o r s  v ; e r e  w o x 'k l n g  w i t h  l i v e r  h o m o g e n a t e s ?  
a n d  h a d  f o u n d  i t  n e c e s s a r y  t o  d e d u c t  t h e  e x t i n c t i o n  a t  2 9 0  m p  
f r o m  t h a t  a t  2 6 5  i n  t h e  e n s y m e - s u b s t r a t e  m i x t u r e  a t  a e r o -  
t i m e  a n d  a t  t h e  c o m p l e t i o n  o f  t h e  i n c u b a t i o n  p e r i o d #  Lche 
r e a s o n s  f o r  t h i s  m o d i f i c a t i o n  a r e  n o t  e l a b o r a t e d #  I n  t h e  
a u t h o r ’ s  e x p e r i e n c e  s u c h  v a l u e s  a s  w e r e  o b t a i n e d  f o r  v m r e
f r e q u e n t l y  n e g a t i v e  a n d  s e r v e d  o n l y  t o  c o n f u s e  t h e  i s s u e  a n d  
d e l a y  t h e  a s s a y #
S i n c e  n o n e  o f  t h e  a u t h o r s  u s i n g  t h i s  s p e c t r e p h o t o m e t r i c  
t e c h n i q u e  h a v e  c h e c k e d  f o r  t h e  f o r m a t i o n  o f  c o m p o u n d s  o t h e r  
t h a n  I n o s i n e  f r o m  t h e  s u b s t r a t e ,  o n e  o r  t w o  e x p e r i m e n t s  v ; e r e  
u n d e r t a k e n  w i t h  t h i s  p u x » p o s e  i n  m i n d #  I n  t h e  f i r s t  s e t ,  a n  
a c t i v e  s u p e x m a t a n t  p r e p a x ' a t i o n  w a s  a O A o w a d  t o  a c t  w i t h  s u b s t r a t e  
f o r  I g  3  a n d  6  h o u r s  a f t  ax* w h i c h  e a c h  x * e a c t i o n  m i x t u r e  w a s  
p l a c e d  i n  a  b o i l i n g  w a te x *  b a t h  t o  h e a t - c o a g u l a t e  t h e  p r o t e i n ,  
a n d  t o  e v a p o r a t e  t h e  w a t e r #  W h e n  t h e  v o l u m e  v ;a s  r e d u c e d  t o  
a b o u t  0 # 5  m l ,  t h e  m i x t u x ^ e  \7 a s  o e n t x x l f u g e d  a n d  t h e  s u p e r n a t a i x t
C H R O M A T O G R A P H Y  O P  d È P R O X E N i Z É D  A . s A P E R ^ A T A N T  P R O M A D E N O S I N E  
D E A M I N A S E  I N C U B A T I O N  f M I X ÿ U R E S , .  / . . E N Z Y M E  B L A N K : '  A N D  M A R K E R S .
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file ehadod area a t  the o rig in  represents oliromogenlo 
m ateria l, as do the broken circles*  îloïie o f these 
areas vmm associated  v/ith quenching of and
probably represen t products of haem degradation.
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r e m o v o c i  a a  c o m p l e t e l y  a e  p o s s i b l e  w i t h  a  P a s t e u r  p i p e t t e  a n d  
t h e  e n t i r e  v o l u m e  a p p l i e d  t o  W h a t m a n  E o .  1  f i l t e : e « - p a p e x *  a s  
a  d i s c r e t e  s p o t #  T h e  c h r o m a t o g r a m  w a s  d e v e l o p e d  b y  a  
d e s c e n d i n g  r u n  I n  t h e  n - B u t a n o l  a n d  a m m o n i a  s o l v e n t  s y s t e m  
o f  M a r k h e m  a n d  S m i t h  ( 1 9 4 9 ) ?  c o n s i s t i n g  o f  t h e  f o l l o w i n g  r e a g e n t s ?  
n ^ ^ ^ b u ta n o l  4 3 0  m l ?  d i s t i l l e d  w a t e r  4 5  m l ?  a m m o n i a  ( B » d «  0 # 8 8 )
2 5  m l*  S h e  r e s u l t s  o f  t w o  s u c h  o x p o r i m e n t s  a r e  s u m m a r i s e d  
i n  t h e  f o r m  o f  a  d i a g r a m  i n  F i g u r e  x ?  ^ i n o e  i t  d i d  n o t  p r o v e  
p o s s i b l e  t o  t a k e  a  p e r m a n e n t  p h o t o g r a p h i c  r e c o r d  o f  t h e  s p o t s  
w h i c h  w e r e  o n l y  v i s i b l e  o n  u l t r a v i o l e t  l i g h t *  T h e  s p o t s  i n  
t h e  p o s i t i o n s  c o r r e s p o n d i n g  t o  i h o s i n e  a n d  a d e n o s i n e  m a x k e r s  
w e r e  t h e  o n l y  o n e s  t o  s h o w  q u e n c h i n g  o n  u l t r a v i o l e t  i l l u m i n a t i o n *  
U n f o r t u n a t e l y ,  a t t e m p t s  a t  e l u t i o n  a n d  i d e n t i f i c a t i o n  b y  m e a n s  
o f  t h e i r  B p e c t x * a l  p r o p e r t i e s  w e r e  u n s u e e e e s f u l  b e c a u s e  o f  t h e  
l o w  c o n c e n t r a t i o n  o f  t h e  n u c l e o s i d e s  a n d  t h e  r e l a t i v e l y  h i g h  
b a c k g r o u n d  a , b s o r p t i o n  o f  t h e  p a p e r *  T h e r e  w a s  n o  d o u b t ?  
h o w e v e r , t h a t  b y  v i s u a l  i n s p e c t i o n ?  a  d e c r e a s e  i n  t h e  s p o t  
c o r r e s p o n d i n g  t o  a d e n p a i n e  w i t h  a n  i n c r e a s e  i n  t l a t  c o r r e s p o n d ­
i n g  t o  i n o s i n e  b e c a m e  p r o g r e s s i v e  w i t h  t i m e  *
I n  t h i s  p a r t i c u l a r  s o l v e n t  s y s t e m ?  i t  i s  n o t  p o s s i b l e  t o  
d i s t i n g u i s h  b e t v m e m  i n o s i n e  a n d  x a n t h i n e  d e r i v a t i v e s .  I w o  
s p e c i m e n s  w e r e  t h e r e f o x ^ e  s c r e e n e d  b y  d e v e l o p i n g  a  c h r o m a t o g r a m  
o f  p r o t e i n  f r e e  c o n c e n t r a t e ?  o b t a i n e d  i n  t h e  m a n n e r  j u s t  d e s -  
o % * ib e d  ? i n  v f â t e r  a d j u s t e d  t o  p E  1 0 * 0  w i t h  H. M 4OH e c e o r d i ^ i g  t o  
W y a t t  ( 1955 ) *  O n l y  i n o s i n e  a n d  a d e n o s i n e  m a r k e r s  v j o r e  a p p l i e d ,  
a n d  t h e y  d i d  n o t  d i s p l a y  t h e  v a l u e s  p u b l i s h e d  b y  W y a t t  ( 1 9 5 5 )  ^
"265
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I t  w a s  e u l ) a e ç im 0r i t l j  r e a l i s a â  t h a t  t h i s  w a e  o e o a s i o B e d  f a i l u r e  
t o  a d j m e t  t o  pH  10 t h e  s o l u t i o n s  t o  'b e  t e s t e d  a n d  th o se  o f  
t h e  m a r k e r s  p r io r  to  t h e i r  a p p l i o a t i o n  t o  t h e  p a p e r .  %he 
m a i n  p o i n t  h o w e v e r  w a s  t h a t  s p o t s  m r r e s p o n d l n g  t o  both markers 
w e r e  p r e s e n t  o n  t h e  t e a t  s t r i p s  a n d  t h e r e  w e r e  n o  o th er  s p o t s  
d em onstrating g n e n o h l n g  i n  u l t r a v i o l e t  l i g h t . I t  w a s  c o n -  
e l u d e d  t h a t  th e  a s a a j r  w a s  i n d e e d  a  m e a s u r e  o f  th e  d e a m i n a t i o n  
o f  a d e n o s i n e   ^ a n d  t h a t  no B i d e * ^ r e a o t i o n  o r  s e q i i e n t i a l  r e a c t i o n s  
w e r e  o c c u r r i n g  t o  a n  e x te n t  l i k e l y  t o  d is tu r b  t h e  v a l i d i t y  o f  
t h e  m e t h o d #
111 t h i s  t y p e  o f  e n s y m e  a s s a y   ^ i t  l a  i m p o r t a n t  t o  m a k e  g u l t e  
s u r e  t h a t  t h e  co n c e n tr a tio n  o f  s u b s t r a t e  p r e s e n t  t h r o u g h o u t  
t h e  p e r i o d  o f  i n c u b a t i o n  i s  in  a l l  o a s e s  adequate t o  s u s ta in  
a  l i n e a r  r e a c t i o n  r a te  (D ixon a n d  W e b b  9 I 964 )• A cco rd in g ly , 
t h e  k i n e t i c s  o f  t h e  r e a c t i o n  w e r e  s t u d i e d  on s e v e r a l  s a m p l e s  
a n d  t y p i c a l  r e s u l t s  a r e  p r e s e n t e d  i n  f ig u r e  18 .  I t  I s
a p p a r e n t  t h a t  t h e  r e a c t i o n  w a s  l i n e a r  w i t h  t i m e  o v e r  s e v e r a l  
h o u r ©3 a n d  c lo w n  t o  a n  e x t i n c t i o n  a t  2 6 5  m |i o f  0 . 7 5 #  A 
n u m b e r  o f  a c t iv e  sam ples w e r e  d i l u t e d   ^ a n d  t h e  r e la t io n s h ip  
b e t w e e n  e n s y m e  c o n c e n tr a tio n  and a c t i v i t y  w a s  e s t a b l is h e d ,  
e x a c t l y  a s  i n  t h e  e a s e  o f  t h e  o t h e r  e n z y m e © , o v e r  a, r a n g e  t h a t  
i n c l u d e d  a  f a l l  i n  t h e  o f  0 . 25« f h l s  w a s  t a k e n  a s  t h e
u p p e r  l im i t  o f  s e n s i t i v i t y  o f  t h e  method, a l t h o u g h  t h e r e  w a s  
a  w i d e  m a r g i n  o f  s a f e t y ,  a n d  s p e c i m e n s  w h i c h  produced a  g r e a te r
f a l l  i n  ’^ 2 6 3  % e  s u b s t r a t e  w e r e  d ilu te d  a n d  t h e  a a a y  r e p e a t e d #
EFFECT UPON ENZYME ACTIVITY OF EXPOSURE'.TO';:ULTRASONIC VIBRATIONS 
AS FUNCTION OP TIME {MITOCHONDRIA- FROM CYSTIC MASTOPATHY)
ACTIVITY 
(O.D. UNITS)
0 , 4  -
0 . 2  -
Acid RNAase (Test-Blank) x 2
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V
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1 2 1  •
E f f e c t  o f  U l t r a s o m n d  U p o n  f e r t i o l o  P r é p a r a t i o n s
I t  V7as n o t  a n  e a s y  m a t t e r  t o  e x a m i n e  t h i s  q u e s t i o n  
s y s t G ^ m a t i o a l l y  T o  d o  bo r o o u l r e d  a  v e r y  l a r g e  y i e l d  o f  
p a r t i c l e s  g a n d  i t  w a s  s e l d o m  t h a t  t h e s e  c o u l d  h e  o b t a i n e d  i n  
B u f f i c i e n t  q u a n t i t i e s  i n  t h e  e a r l y  e x p e r i m e n t s *  H o w e v e r ^  I t
b e c a m e  p o s s i b l e  t o  d o  s o  i n  t v m  c a s e s  o f  t h y r o t o x i c o s i s  a n d  
a n a  c a s e  o f  c y s t i c  m a s t o p a t h y #  0 h e  p r e p a r a t i o n s  w e r e  s u s ­
p e n d e d  i n  a  f a i r l y  g e n e r o u s  v o l u m e  o f  d i s t i l l e d  w a t e r  a n d  s u b ­
j e c t e d  t o  u l t r a s o n i c  d i s i n t e g r a t i o n  u n d e r  t h è  i d e n t i c a l  con»^  
d i t i o n e  i t  w a s  p r o p o s e d  t o  e m p l o y  i n  t h e  s u b s e q u e n t  e x p e r i m e n t a l  
w o r k *  B e f o r e  d i s r u p t i o n  g a n d  a t  v a r ^ i o u s  t i m e  i n t e r v a l s  g 
a l i q u o t s  s u f f i c i e n t  t o  a l l o w  d u p l i c a t e  a n a l y s e s  o f  m o s t  o r  
a l l  e n s y m e e  w e r e  w i t h d r a w n  m i d  c h i l l e d  i m m e d i a t e l y #  A s  t h e  
g l a s s  r e c e p t a c l e  c o n t a i n i n g  t h e  s u s p e n s i o n  t o  b e  r u p t u r e d  
c o u l d  n o t  c o m f o r t a b l y  h o l d  m o r e  t h a n  1 0  m l ,  t h e  d i s r u p t i o n  o f  
a  s i n g l e  p r e p a r a t i o n  h a d  t o  b e  o a i i T l e d  o u t  i n  a  n u m b e r  o f  
o t a g e s  e a , e h  c o v e r i n g  s e v e r a l  t i m e  i n t e r v a l s *  F o r  t h i s  r e a s o n ,  
i t  i s  p r o b a b l e  t h a t  s o m e  i n h o m o g e n e i t y  i n  t h e  s t a r t i n g  m a t e r i a l  
w o u l d  c o n t r i b u t e  v a r i a b i l i t y  t o  t h e  r e s u l t s .  I b e  r e s u l t s  
o b t a i n e d  i n  s u c h  a n  e x p e r i m e n t  a r e  s h o w n  f o r  t h e  ^ 'M i t o e h o n c l r i a l * *  
f r a c t i o n  o f  b r e a s t  i n  F i g u r e  19 # B e c a u e e  o f  a  t e c h n i c a l  
d i s a i s  t e r  9 t h e  a l k #  R H A a a e  a s s a y s  v ^ e r e  e n t i r e l y  v i t i a t e d *  I h e  
o t h e r  e a t i m t i o n s  w e r e  s a t i s f a c t o r y  a n d  s h o w  t h a t  a c i d  "R N A ase 
i n c r e a s e d  b y  m o r e  t h a n  5 0 #  o v e r  t h e  m i n u t e  p e r i o d ;  D N A a s e  I
i n c r e a s e d  b y  t v i o - t h i r c l a  o v e r  1 ^  m i n u t e s  a n d  t h e n  d e c l i n e d ;
F'
EFFECT OF TIME OF EXPOSURE OF THYRCOaC MITOCHONDRIA TO 
ULTRASONIC VIBRATIOb^ UPON ENZYME ACTIVITY
ACTIVITY
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VIBRATIONS AS A FUNCTION OF TIME (THYROTOXIC MICROSOMES)
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TIME IN MINUTES
D N A a s e  I I  s h o w e d  h a r d l y  c h a n g e  n a r b i l  2  r a i n u t e s  w h e n  I t  
s t a r t e d  t o  d e e l i n e ^  O n l y  h a l f  t h e  m m h e r  o f  p o i n t s  c o u l d  h e  
o b t a i n e d  w i t h  t h e  ^ 'M ic ro s o m a X * ^  f r a c t i o n  f r o n i  t h i s  t i s s u e *
T h e  r e s u l t s  h a v e  n o t  b e e n  s h o w n ;  t h e y  w e r e  q u a  11 t a t I v e l y  
s l m l l m h  a o i d  R N A a s e  a n d  D H A a s e  I  s h o w i n g  a n  i n c r e a s e  h u t  n o t  
t o  t h e  s a m e  e x t e n t  a s  o c o u r r e d  i n  t h e  ^ ^ M i t o c h o n d r i a l * *  f r a c t i o n ;  
D H A a s e  I X  s h o w e d  a  g r a d u a l  f a l l ;  a n d  a l k »  R N A a s e  f e l l  v i o t i m  
t o  t h e  s a m e  t e c h n i c a l  d i s a s t e r *
T h e  r e s u l t s  o b t a i n e d  w i t h  o n e  o f  t h e  t h y r o t o x i c  s a m p l e s  
a r e  s h o w n  i n  F i g u r e s  ^0  a n d  21  ^ I n  t h e  * * M i t o e h o n d r i a l * *  
f r a c t i o n ^  a c i d  R N A a s e  i n c r e a s e d  b y  4 0 ;J  o v e r  3  m i n u t e s 5 D H A a s e  I  
b y  300^  ^ o v e r  2  m i n u t e s ;  a l k .  R N A a s e  s h o w e d  a  v e r y  s l i g h t  a n d "  
v e r y  g r a d u a l  r i s e  ;  a n d  D N A a s e  X I  a  g r a d u a l  d e c l i n e *  I n  t h e  
* * M ie ro s o m a X * ' f r a c t i o n ^  a l k #  R N A a s e  i n c r e a s e d  b y  o v e r  5  m i n u t e s  
a c i d  R N A a s e  s h o w e d  l i t t l e  c h a n g e ;  D N A a s e  I  a n  i n c r e a s e  o f  
o v e r  2  m i n u t e s ;  a n d  D N A a s e  I I  a  s t e a d y  d e c l i n e *  T h e  r e s u l t s  
w i t h  t h e  s e c o n d  s a m p l e  a r e  n o t  s h o w n  i n  d e t a i l $ a n d  a r e  
su m m a x ’i s e d  h e r e  I n s t e a d :  D N A a s e  I I  s h o w e d  a  s t e a d y  f a l l  i n
b o t h  f r a c t i o n s  a n d  D N A a s e  I  i n c r e a s e d  b y  a b o u t  1 5 0 ^  i n  b o t h  
a t  2  m i n u t e s ;  h o w e v e r  a l k #  R N A a s e  w a s  i n c r e a s e d  b y  5 0 / i  a f t e r  
5 m i n u t e s  i n  t h e  ^ ^ M i t o c h o n d r i a l * *  f r a c t i o n  w i t h  l i t t l e  c h a n g e  
i n  a c i d  R N A a s e   ^ a n d  i n  t h e  " M i c r o s o m a l "  f r a c t i o n  a c i d  R N A a s e  
w a s  i n c r e a s e d  b y  3 0 /5  a t  t h e  e n d  o f  5  m i n u t e s  a n d  a l k #  R N A a s e  
b y  o n l y  lO ^ L  I t  i s  c l e a r  t h a t  m a n y  d i s o r e p a n c i e s  2? e m a i n  t o
b e  c l a r i f i e d 5 s i n c e  t h e  r e s u l t s  o f  t h o s e  t w o  e x p e r i m e n t s  w e r e  
r s i t h e r  c o n t r a d i c t o r y ,  H o v ; e v e r ,  t h e  m a i n  p u r p o s e  v m s  t o  d e c i d e
123
t h e  o p t i m u m  t i m e  o f  e x p o s u r e  t o  u l t r a s o u n d  w h i c h  w o u l d  p e r m i t  
t h e  a s s a y  o f  a l l  f o u r  e n s y m e s  I n  t h e  s a m e  m o .te r ia X < »  T h e  
c r i t i c a l  e n s^ y m o  w a s  c o n s i d e r e d  t o  b e  D N A a s e  I  w h i c h ^  a s  w i l l  
b e c o m e  a p p a r e n t  l a t e a ? , w a s  t h e  o n l y  o n e  o f  t h e  f o u r  t o  h a v e  
a  c o n s i s t e n t ] ^  h i g h e r  s p é c i f i e  a c t i v i t y  i n  t h e  p a r t i c l e s  t h a n  
i n  t h e  s u p e r n a t a n t  * I t  w a s  a l s o  c o n s i d e r e d  m o r e  i m p o r t a n t  
t o  e n s u r e  t h a t  i n a c t i v a t i o n  o f  a n  e n z y m e  d i d  n o t  t a l s e  p l o . c e ,  
e v e n  t h o u g h  t h i s  m i g h t  p e r h a p s  m e a n  t h a t  a n o t h e r  e n z y m e  w a s  
n o t  f u l l y  a c t i v a t e d *  W i t h  t h e s e  p o i n t s  i n  m i n d ,  a  c o m p r o m i s e  
w a s  m a d e  b y  s e l e c t i n g  9 0  s e c o n d s  a s  t h e  p e r i o d  d u r i n g  v ^ h i c h  
a l l  s u b s e q u e n t  p a r t i c l e  p r e p a r a t i o n s  w e r e  r o u t i n e l y  e x p o s e d  
t o  u l t r a s o u n d *
M e a s u r e m e n t  o f  D o o x y n u  o l e  o t  i d e s  i n  b r i n e
T h e  . c y s t e i n e / s u l p h u r i c  a c i d  r e a c t i o n  a c c o r d i n g  t o  S t u m p f  
( 1 9 4 7  ) h a s  a l r e a d y  b e e n  d e s c r i b e d  i n  t h e  M e t h o d s ^  .P a g e  98 ,
a n d  h a s  b e e n  u s e d  b y  m a n y  I n v e s t i g a t o r s  i n  t h e  p a s t # T h e
m e t h o d  w a s  n o t  w i t h o u t  i t s  p r o b l e m s  w h e n  a p p l i e d  t o  u r i n e ^
A s  i l l  t h e  c a s e  o f  t h e  d i p h e i : y l a m i n e  r e a c t i o n ^  a  c o l o u r  w h i c h  
o n  n a k e d - e y e  a p p e a r a n c e  c o u l d  n o t  b e  d i s t i n g u i s h e d  f r o m  t h a t  
o f  t h e  t e s t  s o l u t i o n  w a s  f o r m e d  w h e n  s u l p h u r i c  a c i d  a l o n e  w a s  
a d d e d  t o  t h e  u r i n e  e a m i p l e s *  I t  w a s  f e a r e d  t h a t  c y s t e i n e  m i g h t  
b e  e x c r e t e d  i n  s o m e  o f  t h e s e  u r i n e s  i n  a m o u n t s  s u f f i c i e n t  t o  
i n t e r f e r e  w i t h  t h e  a n a l y s i s ^  s i n c e  a  v e r y  s m a l l  c o n c e n t r a t i o n  
i s  r e q u i r e d #
T h i s  p r o b l e m  w a s  s o l v e d  b y  p r e p a r i n g  v a r i o u s  s o l u t i o n s
SPECTRUM , OF PIGMENT - FORMED BETWEEN URINE AND 
SULPHURIC ACID IN PRESENCE AND ABSENCE OF CYSTEINE
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. -1
o f  i î r l n e . / o f  à B O x y r l h o B O   ^ o f  DMA g a n d  ; o f  u r i n e  w i t h  a d d e d  
3)NA# T o  t h e s e  w e r e  a d d e d  c y s t e i n e  a m i  s i i X p l m r i c  a c i d 5 a n d  
s n l p l m r l c  a c i d  a l o n e .  S h e  s p e c t r a  o f  t h e  v a r i o n s  p i g m e : n t s  
f o r m e d  w e r e  e x a m i n e d  I n  t h e  O a re e y  A u t o r a a t i c  R e e o r d i n g  B p e c t r o « -  
p h o t o m e t e r  M o d e l  l l - # 5 0  ( c o u r t e s y  o f  P r o f .  D a v i d s o n ) *
B o rn e  r e p r e s e n t a t i v e  t r a c i n g s  o h t a i n e d  a r e  s h o w n  i n  F i g u r e s  2 2  
a n d  23 •  I t  w i l l  h e  s e e n  i n  F i g u r e  2 2  t h a t  t w o  p e a k s  a r e  
g i v e n  b y  t h e  c y s t e i n e / s u l p h u r i c  a c i d  r e a g e n t  w i t h  h u m a n  u r i n e  $ 
o n l y  o n e  o f  w h i c h  c o r r e s p o n d e  t o  t h a t  g i v e n  w i t h  p u r e  D H A , 
? i i r t l i e r i : a o r e  5 a l m o s t  h a l f  t h e  e x t i n c t i o n  g i v e n  b y  t h e  t e s t  
s o l u t i o n  a t  4 9 5  nyi I s  g i v e n  b y  a  s u l p h u r i c  a c i d  b l a n k .  F l g u s z e  
23 d e m o n s t r a t e s  t h a t  t h e  o f  a  s o l u t i o n  o f  p u r e  3 )M  i s
f i v e  t i m e s  a s  g r e a t  a s  t h a t  g i v e n  b y  a n  e q u i v a l e n t  a m o u n t  o f  
d e o x y r i b o s e .  I t  a l s o  s h o w s  t h a t  o n e  p e a k  o n l y  i s  g i v e n  b y  
p u r e  I)NA w i t h  a  p e a k  t i t  4 9 5  F i n a l l y s  i t  i s  a p p a r e n t  t h a t
t h e  e x t i n c t i o n s  o f  t h e  u r i n e  a n d  t h e  p u r e  D M  a r e  a d d i t i v e ?  
s i n c e  t h e  u r i n e  t o  w h i c h  t h e  M A  w a s  a d d e d  i s  t h e  s a m e  a s  t h a t  
s t u d i e d  i n  t h e  p r e v i o u s  F i g u r e .  V i r t u a l l y  n o  r e a c t i o n  v /a s  
g i v e n  w h e n  s u l p h u r i c  a c i d  w a s  a d d e d  t o  p u r e  D M .
I t  w a s  t h e r e f o r e  d e c i d e d  t o  g o  a h e a d  w i t h  t h e  e s t i m a t i o n  
a s  d e s c r i b e d  b y  S t u m p f  (1947  )? s u b t r a c t i n g  f r o m  e a c h  u r i n e  
s p e c i m e n  a  b l a n k  d e r i v e d  b y  o in ifeG in g  c y s t e M e  f r o m  t h e  c o m p l e t e  
r e a c t i o n  m i x t u r e .  I t  i s  g r a t i f y i n g  t h a t  s o m e  t i m e  a f t e r  
r e a c h  11^ 3 t h i s  c o n c l u s i o n ?  a  s t u d y  o f  d e o x y n u o l e o t i d e  e x o r e t i o a
i n  h u m a n  u r i n e  w a s  p u b l i s h e d  b y  B a r r y  a t  a l .  ( 1 9 6 3 )  w h o  
r e p o r t e d  s i m i l a r  d i f f i c u l t i e s  w i t h  t h e  B t u m p f  r e a c t i o n  a n d
a d o p t e d  a  s i m i l a r  s t r a t e g y  t o  c o p e  w i t h  t h i s  s i t u a t i o n .
!Ohe  R a t u r e  o f  t h e  P a i t i o l e  f r a c t i o n s
A  s i % l 0 t h y r o t o x i c  g l a #  w a s  c o l l e c t e d  ? s t o r e d ?  
h o m o g e n i s e d  g a n d  s e p a r a t e d  i n t o  f r a c t i o n s  f o l l o w i n g  t h e  p r o ­
c e d u r e  i d e n t i c a l  t o  t h a t  u s e d  i n  t h e  p r e p a r a t i o n s  t o  b e  r e - ^  
p o r t e d .  B a c k  o f  t h e  t h r e e  s e d i m e n t s  c o l l e c t e d  a f t e r  e e n t r i " *  
f u g a t i o n  a t  5 0 0  g ?  5 0 0 0  g ?  a n d  3 5 ^ 0 0 0  g  w e r e  t a k e n  f o r  e l e c t r o n  
m i c r o s c o p y  w h i c h  w a s  c a r r i e d  o u t  1)y  D r .  E *  f .  M a c a d a m ?  D e p t # # 
o f  P a t h o l o g y ?  W e s t e r n  I n f i r m a r y ?  G l a s g o w .  T h e  t o p  o f  t h e  
f i r s t  e e d i m e n t ?  a n d  s a m p l e s  f r o m  t o p  a n d  b o t t o m  o f  t h e  n e x t  
t w o  s e d i m e n t s  w e r e  e x a m i n e d .  M a n y  f i e l d s  w e r e  s c a n n e d  a n d  
s e v e r a l  s e c t i o n s  o u t  f r o m  e a c h  b l o c k .  B orne o f  t h e  p h o t o g r a p h s  
o b t a i n e d  a r e  s h o w n  i n  f l - a t e s  i  f tp  5 ? a n d  i t  s h o u l d  b d  e m p h a s i s e d  
t h a t  t h e s e  w e r e  c h o s e n  t o  d e m o n s t r a t e  t h e  s e p s i r a t i o n  i n  t h e  
m o s t  u n f a v o u r a b l e  l i g h t  p o s s i b l e  s o  t h a t  n o  I l l u s i o n s  w o u l d  b o  
c o n v e y e d  r e g a r d i n g  t h e  e x t e n t  o f  s e p a r a t i o n  o b t a i n e d .  I n  
f a c t  g m a n y  f i e l d s  i n  e a c h  f r a c t i o n  s h o w e d  h o m o g e n e i t y  o f  t h e  
p a r t i  d o  B p r e s e n t .  T h e  o v e r a l l  p i c ' t i i r e  i s  h o w e v e r  b e s t  
B u m r a a r i s e d  b y  r e p o r t i n g  t h e  i m p r e s s i o n  d e r i v e d  b y  D r .  M a c a d a m  
f r o m  a  d e t a i l e d  e x a m i n a t i o n  o f  t h e  m a t e r i a l .  T h i s  s h o v m d  t h a t  
t h e . -  i n i t i a l  s e d i m e n t  c o n t a i n e d  t h e  m i o l e i ,  m o s t  o f  w h i c h  w e r e  
i n t a c t ;  a n  o e e a s i o n a l  r u p t u r e d  m c l e u s  w a s  s e e n #  T h i s  s e d i m e n t  
w a s  a l m o s t  e n t i r e l y  f r e e  o f  m i t o c h o n d r i a ?  t h e  o n l y  o t h e r  c o n ­
t a m i n a n t  b e i n g  s t r a n d s  o f  e n d o p l a s m i c  r e t i c u l u m  a t t a c h e d  i n  
p l a c e s  t o  t h e  n u c l e a r  m e m b r a n e .  T h e  s e c o n d  s e d i m e n t  c o n s i s t e d
pxAgiüs 1 -9 t G m im h im m .
m  1. TOCÏ.SAR JjKAmOH X  9.000.n  y^ g»#-aftv^ Dr.\n iWBiia imnif •■?*tn'ii i>^r>n>wi»»M*T‘iiij'W*wi
Electron micrograph of sfôclimont obtained by cen trifugation  of whole 
hoaogenate a t 500g* Very l i t t l e  p a r ticu la te  m aterial io  present, 
apart from endoplacmie re ticu lim  attached to  nuclear membrane which 
in  moot nuclei i s  in tact*
m  2.  m m m  o f  m i 'm o m w m iA h  m m oT iom  % 22. 000*
SleotroB micrograph of sediment obtained by centri.fugation between 
500 5>000g showing la rg e , poorly^preeerved and m a l l ,  v/ell-'preserved
mitochondria, several strands of endoplasmic reticulum? &md a single 
nucleus*
m  3* TOP OF iifo o H o im iAh pm c T im  x  22.000*
The heterogeneous nature of th is  fra c tio n  is .apparen t from th is  f ie ld  
showing several large mitochondria and oeeasional dense spherical 
‘bodies akin to  lysosoraes* The remainder o f.th e  m aterial i s  composed 
of mieroaomoB and small mitochondria*
m  4* BOTTOM OF MICllOSOMAL TMCTIOH x 22*000.
This f ie ld  i s  very slmilm? to  th a t showsi in  the previous figure 
although mitochondria are le s s  abundant* The m aterial shown here 
was sedimented between 5,000 « B^ pOOOg*
TE 5 . TOP OF MÎOROSOML FmCTIOM % 22*000*
The bulk of the m aterial v is ib le  in  th is  f ie ld  i s  îiiiorosomal *
About a do£3en each of mitochondria and lysosomal^like bodies 
are also  ^wesent*
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i n  t h e  b o t t o m  p o r t i o n  o f  l a r g e  m i t o c h o n d r i a ?  o f  w h i c h
h a d  l o s t  t h e i r  c o n t e n t s  a l t h o u g h  t h e  m o m t e a n e  w a s  i n  m o s t  c a s e s  
i n t a c t  g a n d  s m a l l  m i t o c h o n d r i a  i n  a  f a i r l y  g o o d  s t a t e  o f  p r o -  
s e s ^ v a t i o n .  I n  a l l  t h e  f i e l d s  e x a m i n e d ?  o n l y  t w o  n u c l e i  w o r e  
s e e n *  S t r a n d s  o f  e n d o p l a s m i c  r e t i c u l u m  v f i t h  m i c r o s o m e s  a t t a c h e d  
w e r e  o c c a s i o n a l l y  s e e n o  T h e  t o p  p o r t i o n  w h i c h  t o  t h e  n a k e d  e y e  
h a d  a  f l u f f y  a p p e a r a n c e  w a s  m o r e  h e t e r o g e n e o u s .  F r e e  r a i c r o s o m e s  
w e r e  c o m m o n ly  p r e s e n t ?  a n d  w e r e  e s t i m a t e d  t o  c o m p o s e  b e t w e e n  
o n e  c m a r t e r  a n d  o n e - t h i r d  o f  t h e  f i e l d .  T h e  m i t o c h o n d r i a  w e r e  
p r e d o m i n a n t l y  o f  t h e  s m a l i l e r  v ç i r l e t y ,  a l t h o u g h  l a r g e  m i t o c h o n d r i a  
w o3?o h y  n o  m e a n s  u n c o m m o n #  A p p r o x i m a t e l y  t h r o e  o r  f o u r  p a r t i c l e s  
h a v i n g  t h e  m o r p h o l o g i e a l  f e a t u r e s  o f  l y s o s o m e s  w o r e  s e e n  i n  
e a c h  f i e l d *
S h e  b o t t o m  o f  t h e  t h i r d  p e l l e t  w a s  n o t  u n l i k e  t h e  t o p  o f  
t h e  s e c o n d ?  e x c e p t  t h a t  t h e  r a t i o , ,  o f  m l c r o s o m e s  t o  m i t o c h o n d r i a  
w a s  m o r e  t h a n  r e v e r s e d  . a n d  w a s  n o w  o f  t h e  o r d e r  o f  g : l #  T h e  
t o p  p o r t i o n  o f  t h i s  p e l l e t  w a s  d e n s e l ^ r  p a c k e d  w i t h  r a i c r o s o m e s ,  
h u t  a p p r o x i m a t e l y  6 ^ 1 2  m i t o c h o n d r i a  a n d  4 - 8  l y s o s o m e .  . ^ l i k e  
s t r u c t u r e s  w e r e  s e e n  i n  e a c h  f i e l d *
O l e a r l y ?  t h e  e e p a r a t i o n  o f  m i t o c h o n d r i a  f r o m  m l o r o s o m e s  
w a s  f a r  f r o m  c o m p l e t e .  I t  d i d  s e e m  h o w e v e r  t h a t  i n  t h i s  o n e  
p r e p a r a t i o n ?  t h e  h u l k  o f  t h e  m i t o c h o n d r i a  w e r e  i n  t h e  s e c o n d  
p e l l e t ?  a n d  t h e  m a j  o r i t u r  o f  t h e  m i c r o  s e m e s  i n  t h e  t h i r d  p e l l e t .
T h e  l y s o s o m e s  w e r e  d i s t r i b u t e d  b o W e e n  t h e  t w o ?  a n d  a l t h o u g h  
i t  w o u l d  h e  v e r y  d i f f i c u l t  t o  o b t a i n  g i i a n t  i t  a t  i v e  p r o o f  o f  
t h i s ?  i t  i s  l i k e l y  t h a t  m o r e  v / e r e  p r e s e n t  i n  t h e  t h i r d  p e l l e t
127*
t h a n  I n  t h e  s e c o n d *  F u r t h e r  e v i d e n c e  f o r  o v Q y f le ; p  b e t w e e n  
t h e  t w o  f r a c t i o n s  h a s  b e e n  o b t a i n e d  b y  A y r a  ( 1 9 6 5  ) w h o  s t u d i e d  
t h e  d i s t r i b u t i o n  o f  a u o c i i m t e  d e h y d r o g e n a s e  i n  s e v e r a l  a a m p l e s  
o f  t h e s e  p r e p a r a t i o n s *
123*
Alkalino  Bibonucléaee
%G a o t iv i ty  o ï  oik* MTAee© Im -tho m p e im ta îi t  o f normal th y ro id  
showed a  mean value  o f  0*041 im lt$  p e r  % . p ro te in  and 4*32 u n i ts  p e r  g* 
wot w o i# it f o r  th e  t i s s u e s  o f  th e  F i r s t  B erios (Tahlo 3 )* Tlio. c o rre s ­
ponding means f o r  th e  t l^ ro to x io  gl^mds i n  t h i s  s e r ie s  were very  l i t t l e  
d if f e r e n t  from th e se  v a lu e s , being  0 * 0 #  u n i ts  p e r mg* p ro te in  and 4*43 
u n i ts  p er g* n e t weij^it re sp e o tiv o lj*  S ia tila r  v a lues were found f o r  th e  
su p ern a tan t o f  tî^yroid eidenoraata, which gave means o f  0 * 0 #  m ii ts  p e r rag* 
p ro te in  and 3*33 u n i ts  p e r g* wot weight* ( fa b le  4 )* %  c o n t r a s t ,
th e  cr?xcinom0.3 o f  th y ro id  gave a  moan a c t iv i ty  o f 0*070 u n i ts  p e r mg* pro» 
to in ,  t h i s  v a lu e  d i f f e r in g  s ig n i f ic e n t ly  f r m  th a t  o f  th e  normals a t  th e  
2ji le v e l ;  on th e  o th e r  hand , th e  a c t iv i ty  p e r  gv wet weii^it was a  l i t t l e  
low er than  th a t  o f  th e  norm als, though no t s ig n i f ic a n t ly  so (Table 5 )* 
%  f a r  th e  g r e a te s t  a c t iv i ty  o f  alk* MAase iM th e  supeniatpm t was found 
in  th e  samples taken  from p a t i e n t s  w ith  llashim oto’ s  th y r o id i t i s ,  th e  value 
p e r  rag* p ro te in  being  0*338 u n i t s  rmd p e r  g* wet w e i# t  12*75 u n i ts ;  
bo th  th e se  values, a i s  s ig jr lf ie a n tly . d i f f e re n t  from norma3. at. th e  0*lj5 
l e v e l ,  and f t r  exceed those  measured i n  o th e r  a lm o n m lltie s  o f th e  gland* 
The a c t iv i ty  o f  alk* ïkIAaso in  th e  ochondrial^* f r a c t io n  o f  normal 
tliy ro id  t i s s u e  showed a  niean value o f  0*053 w r i ts  p er mg* p ro te in  and 
0*22 u n i ts  p e r  g* v?ot w eight (Table 6 )* The a c t iv i ty  o f  t h i s  encyme 
in  th e  corresponding f r a c t io n  o f  th y ro to x ic  t i s s u e  was considerab ly  h ig h er 
thon norm al, b u t th e  d if fe re n c e s  were not s ig n i f ic a n t  wliether expressed  
p e r  mg* p ro te in  o r  p e r  g* wet weight* Tiiyroid adenomata showed s l ig h t ly
TABLE 3-
A o tiv it j  A ctiv ity  A ctiv ity
per mg# p roteiii per g* wet v/eight fo to ta l  Oytoplam
n
0
B
m
A
L
S
Ho# o f
t i s s u e s
8#D#
Range
0
0
10
(041
.015
^022-,069
10
4.32
1.97
I.9 -3 .4
Û
87*9
7*1
77. 0- 95 .7
T
II
Y
B
0
T
0
X
I
G
Ho# o f
t i s s u e s
Mean
S#B#
Range
20
9.045
9.016 
®*027-.076
20
4*43
1 .31
2*75-7*60
20
87.0 
8*3 
60*5-94*6
0*68 0*18
ÎABÏË. 3'
OosipariBon o f  Hortnal Tjlth ffliyi'otoxio 
3ii S e r ie s  I
TABLE 4=
Aotivïby A ctiv ity  A c tiv ity
per mg# protein  per g . wet weight io to ta l  Cytoplasm
E"}
I
Mean
8 .3 .
Kanse
0 .046
0.026
0. 012- 0.119
3.33
2.08
0.80-8.10
84 .8
12.9
50. 5- 96 .4
I1 §
iip  M
F:l®*
s .5).
age
0 .Q64
0.045
0 , 015- 0 .156
0.265
0.200
0. 069- 0.551
8 .4
9 .5
1 . 8- 34.8
8 |
8 aM |34
Ilean
S.B.
Range
0.068
0 .046
0.031-0.163
0.255
0.243
0.075-0.837
6.8
4 .1
1.8—14'
B 4 ,
AmHHE aiBOTOCLEASS AOÎ.WIÎÎ
mOIMA OP
HffliM miYROID 6LAMB
R e su lts  in  Sen S issuess 
Shree Cytoplasm io l5?aotlons o f  Each
TABLE 2»
A c tiv ity A c tiv ity A c tiv ity
p e r  mg. p ro te in p er g . wet weight fo t o t a l  Cytop]
Ho# o f
c tissue© 5 5 4
A
Ep
Mean 0*070 3*94 62 .2
u
I 8#D, 0.026 1*22 5.3
0 Haiigo 0.050-.112 S.30»5*65 75. 2- 86.5
A t 2 .78 0*39 1.37B
P i  0. 02-> .0l
Ho* o f
11 tissue© 4 4 4
A
8 Mean 0.338 12*75 82 .4
H
I S*D* 0.146 4*11 3.7
M «
0 Range 0.X72-.494 8.60-18 .36 79. 1- 86.1
T
0 t 6.82 5*37 1.41
B
P <0.001 4 0*001
TABLE 5.
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Results in  Cases of Carcinoma and Hashimoto's Thyroiditis 
with S ta tis tic a l Evaluation against 
HOKiial Ttiyroid Supernatant
1 2 9 *
M glior a c t iv i ty  th a n  normal f o r  th ie  oxxj^me in  th e  *#itoohondrial^^ f r a c t io n  
(T able 4 )# The elk* M àaac a c t iv i ty  o f th e  %titoohoBdrlal** f r a c t io n  
o f th y ro id  oaroiziomao v^aa h ig h e r  than  th a t  o f  normal exprosaod p e r  mg* 
p ro te in , a%id t td c e  th e  nomial v a lu e  oxpreaeed p e r g* wet w eight; however 
only th e  l a t t e r  d if fe re n c e  i a  e lgn ific i-m t a t  th e  5p& le v e l  (Table 7 )*
As ^rith th e  su p e rn a tan t, th e  ‘^Mitochondrial*^ f r a c t io n  o f  glande a f fe c te d  
by Hashimoto*0 th y r o id i t i s  y ie ld e d  a c t iv i ty  f t \ r  In  exeeaa o f th a t  shown 
by th e  coxrosponding fa ^ c tio n  mi th e  o th e r  gl^uKls examined, being  about 
■five tim es th e  a c t iv i ty  o f  th e  nomial. g land whether expressed  p e r  mg# pro» 
tô in  o r  p e r g* wet n c ig lit; th e se  d if fe re n c e s  a re  once i&galn s ig n i f ic a n t  
a t  th e  0 ,%^ le v e l#
T am ing to  th e  ‘‘Microsomal" f r a c t io n ,  i t  w il l  be soon th a t  th e  moan 
alk# RHAase a c t iv i ty  o f  th e  normal g land  does n o t d iffer? g re a t ly  from th a t  
found in  th e  f i r s t  tv;o ^^toplasm io f r a c t io n s ,  beiïig  0#053 tu i i is  p e r  mg# 
p ro te in  and 0#334 u n i t s  p e r g# wot w e i# t  ( fa b le  8 )# As was th e  case
w ith  th e  "M itochondrial" f r a c t io n ,  th e  "Microsomal" f r a c t io n  o f th e  thy ro ­
to x ic  group shows a c t iv i ty  f o r  t h i s  enssyme p e r  mg; p ro te in  alm ost double 
th a t  o f  th e  corree%)onding f r a c t io n  from noxmal t i s s u e  w ithout t h i s  a?osuIt 
ach iev ing  s ig n if ic a n c e  in  th e  p re se n t s e r ie s ;  th e  a c t iv i ty  p e r  g# wet 
w eight ^lows a  s l ig h t ly  lower v alue  than  th a t  fomiê. i n  th e  noimalB# As 
w ith  th e  o th e r  f r a c t io n s ,  th e  a c t iv i ty  ob ta ined  from th y ro id  adenomata i s  
n o t g re a t ly  d i f f e r e n t  from normal (Table 4 ) ;  OuriousXy, th e  group of
t i g r o id  carcinom ata show only  s l i g h t  inoi?ease above noraîol in  t h i s  f r a c t io n  
when alk* EHAasa a c t iv i ty  i s  expressed  p er mg* p ro te in ;  and thouf^i th e  
a c t iv i ty  p e r g* wet w eight i s  abou t 5Q/G above XiommX in  t h i s  f r a c t io n ,  the  
d if fe re n c e  i s  n o t s ig n iJ 'ico n t (Table 9 )# The %'iicrosomal" f r a c t io n
table t),
A c tiv ity  Aotivltjr A ctiv ity
per mg,, p rotein  per g*. wet weight ^  to ta l  Cytoplasm
B Bo, of ,  ,  ,
0 tissues 0 o o
R
M Mean 0.053 0,22 5.0
Â
S
m
S.J). 0,022 0,10 2.6
Range 0.013-0,075 0.06-0.32 1.3-9.1
Ho. of1 t i s s u e s  20 20 20
2 Mean 0.095 0.34 6.84
® S.B. 0,055 0,25 5*0
« Range O.O42-O .I76 0,03-1.11 2.0-23.4
1.82 1.16
TABLE 6.
AMCALÏBE RÎBOHUCLEASB ACTIVITY I I
01’ Hœifflî THYROID SLAHD 
Comparison of Bormsl with Thyrotoxic
TABLE f^ *
C
A
R
G
I
H
0
n
À
s
H
A
8
H
I
M
0
T
0
S
Mean
8.B#
Range
t
P
Mean
S.B*
Range
t
. P
A ctiv ity
per mg. protein
0*079
0.031
0.038-0*114
1*55
A ctiv ity  A ctiv ity
per g .  Y /e t weight fo to ta l  Gytoplaem
0*296
0.148
0 . 128- 0*489
13 .0  
( 0.001
0*46
0.21
0 . 29- 0 .76
2*30
0*05
1.38
0 .28
1*06-1.65
9*47 
< 0*001
8.8
3*7
7 . 0- 14 .3
1 .9 6  '
9 .3
2 .3
7 . 2- 11 .5
1 .98
TASIE 7
ALKALim: RIBOHÏÏOLBAaB ACTIVITY P J
R esu lts  in  fo u r  Case© of Caroinoma and 
fo u r  Oases o f Hashimoto^s T h y ro id itis  
w ith  S t a t i s t i c a l  E valuation  ag a in s t 
normal T îg ro id  .-"Mitochondrial" f r a c t io n
TABLE 8.
Activity Activity Activity
per mgrn protein per g>. wet wei^it fo to ta l Cytoplasm
0
f
E
X
U
0
T
0
X
X
€
Ho*, of 
tiasues
Mean
8.D.
Eonga
Io* of 
t i s s u e s
S.Be
Hang©
0,053
0,021
0.027-0.091
20
0,095 
0 ,053 
e ,04 i-o#2 :
0*334 
0,341
0,062-1.039
20
0#30?
0,109
O*120»O,766
7 .1
5 .6
2.5-^14,4
20
6.1
3.7  
2 .7 -1 6 ,1
1^99 0*26
TABLE e .
ALICALBE EIBOmCLEABE ACTIVITY I I
‘micRosomAL" mACTioi
OF m mi THYEOID GLAHD
Comparison of Hormal with TIgrotoxlo
TABLE g'
A c tiv ity A c tiv ity A c tiv ity
p e r mg. jpro tein p e r  g . wet weight t o t a l  Cyto]
c
iK
B Mean 0.060 0.473 9 .0
0
X S.B. 0 .026 0.157 2*9
I
0
Tit
Range 0 . 027- 0.086 0 . 262- 0.617 6 .4- 12 .3
Ivi
A
S t 0 ,70 1 .34
H
A
S Mean 0.263 1 .24 8 .2
ÏÏ
I S.B. 0.152 0.28 1#
Aii
0 Range 0.112-0.473 0.99-1*54 6. 7- 9 .8
T
0
8 t 3*75 4*52 1 .00
F <  0*005 < 0*005
TABLE 9
ALKALINE BIEOMPCLEABB ACTIVITY m  
"MICROSOMAL" FRACTION 
OF inm N  THYROID GLAHD
R esu lts  in  fo u r  Gases o f Carcinoma and 
Four Oases o f  Hashimoto^s T h y ro id itis  
w ith  S t a t i s t i c a l  E valuation  a g a in s t 
Hormai Thyroid "Microsomal" f r a c t io n
130*
o f  those  g lands a ffo c to d  by Hashrlmoto* s t l g r o i d i t i s  once Bg&in sliowod 
vasg m oh g re a te r  a o t iv i ty  th an  d id  th e  corresponding f r a c t io n  o f th e  o th e r  
groupe a tu d ied j th e  activity!* w hether expressed  p e r mg. p ro te in  o r  p e r  g . 
wet w eight being  fo u r  tc? f iv e  tim es th e  a c t iv i ty  o f th e  normal gland? 
th e se  d lfforeacoB  a re  s ig n i f ic a n t  a t  th e  0#^^ lev e l*
In  th e  p a r t ic u la te  f r a c t io n s  o f  t ig r o t o x io  glands» th e  s p e c i f i c  
a c t i v i t y  p er  mg. p r o te in  o f  a lk* BIîAaâO was double th a t  o f  th e  supos^atont* , 
In  th e  normal g land  th e  sp o c lf io -  a c t i v i t y  in  th e  p a r t i c l e  f r a c t io n s  was 
a  l i t t l e  above th a t  in  th e  supem atim t*  The adenomata showed an e le v a t io n  
i n  th e  p a r t ic u la te  s p e c i f i c  a c t i v i t y  th a t was in term ed ia te  betneen  th o se  
o f  normal and th y r o to x ic  glands# Of th e  carcinom a and Haoîiimotü t lg r o ld e »  
o n ly  th e  % 11tochondrial" f r a c t io n  o f  th e  form er d isp la y e d  a c t i v i t y  per mg# 
p r o te in  tlis&t was g r e a te r  than was foim d in  th e  corrosx^^nding supernatant#
In  a l l  ty p e s  o f  th y ro id  t is s u e »  th e  bulk o f  th e  a lk# RM aso a c t i v i t y  
was lo c a te d  in  th e  superîiataaït, the* momx x^orcentage o f  th e  t o t a l  c y to p la m iic  
a c t iv i t y  found in  t h i s  f r a o t io n  ran g in g  from 82; 2 /  in  th e  oaroinomas to  
87*^0 in  th e  normals* In  e l l  t i s s u e s »  tho rem aining oytoplaam io a c t i v i t y  
was a lm ost ev en ly  d is tr ib u te d  between "M itochondrial" and ‘M icrosomal"  
fra o tio n B  a lthou gh  w ide v a r ia t io n s  were found from one spooimen t o  anothor# 
The noamal g lan d  tended to  heAm l e s s  a c t iv i t y  lo c a te d  in  th e  pm ^ tlclo  
f r a c t io n s  than d id  th e  o th er  ty p e s  o f  t ig r o id  t is s u e »  but none o f  th e  d i f f ­
eren ces  from noim al proved t o  b e  s i ^ i i f io o n t  in  th e  p resen t s e r ie s »  a lthough  
th e  p ercentage o f  cy top lasm ic  eir^me In  th e  "M itochondrial" f r a c t io n s  o f  
oux^cinomata and llaohimoto t i s s u e  was alm ost double th a t  found In  th e  
correspond ing f r a c t io n  o f  normal th y r o id  and o m o  n e a r e s t  to  a^eaohing 
s t a t i s t i c a l  s ig n if ic a n c e #
1 3 1 *
Acid EibomoXease
The d is t r ib u t io n  o f  t h i s  ausyme in  tho  t i s s u e s  esomined showed 
fe a tu re s  th a t  d if f e re d  from those  d isp lay ed  by aik# BHAa©e in  c e r ta in  
resp ec ts#  Thus? w hile th e  a c t iv i ty  in  th e  su perna tan t o f normal th y ro id  
was lower th^m th a t  of th e  alk* fflAase» th e  mean v alues being  0,031 u n i ts  
p e r  mg, p ro te in  uîid 3 ,g l  im i ts  p e r  g , wet w eight (Table 10 )» th e  a c t ­
i v i t y  in  th e  sux^ernatmit o f th y ro to x ic  glands was a  l i t t l e  h ig h e r th an  
th a t  o f  th e  alk* Hlâàse» th e  mean v a lu es being  0,046 u n i ts  p e r  mg* p ro te in  
asrid 4*50 u n i ts  p e r  g , wet w eight, Thus? in  t h e i r  og&ntent o f a c id  IlHAase, 
th e  th y ro to x ic  giemds d i f f e r  from th e  norm al, th e  d if fe re n c e  being  sign ­
i f i c a n t  i t  th e  2 ,^ ^  le v e l  when expressed  xier mg* p ro te in ,  and a t  th e  
le v e l  when expressed  p e r  g* wet v / o i ^ t .  The adenomata, in  re sp e c t o f  th e  
a c t iv i ty  o f a c id  BHiiaso in  th e  su p e rn a ta n t, behaved in  a  s im ila r  fa sh io n  
to  th e  th y ro to x ic  g lan d s , th e  mesm value  expressed  p e r mg* p ro te in  being  
50/S h ig h e r than  th a t  found in  th e  normal g land  and approxim ating to  th e  
v a lu e  fox* o ik , HHAaoe in  th e  su p ern a tan t f r a c t io n  o f th y ro id  adenomata 
(Table 11 ) ;  however» because o f  th e  la rg e  v arian ce  o f th e  d a ta , t h i s  
d if fe re n c e  v/as no t s ig n ifie ax it i n  th e  p resen t s e r ie s ,  Oompared w ith  tlio 
a c t iv i ty  o f  alk* BllAase in  th e  ©upematïunt, th a t  o f  a c id  MAase i s  roughly 
halved  in  th e  o a ro in o m ta  and îlashim oto glm ids (Table 12 )* % l l e  th e  
a c t iv i ty  p e r  mg* p ro te in  in  th e  carcinoma i s  s t i l l  considerab ly  above th a t  
found in  th e  normal g lan d , th e  a c t iv i ty  p er g , wot woigiit i s  much low er 
th an  no iiaal, though n e i th e r  o f  th e se  d iffc ré n c o s  a re  s t a t i s t i c a l l y  s ig i i i f i -  
em it; and th o u ^ i th e  a c t iv i ty  pea? mg, p ro te in  in  th e  su p ern a tan t o f  
llashimoto t i s s u e  i s  5 tim es th a t  o f  th e  normal (? (O ,0 2 ), th e  a c t iv i ty  per.
0 , wot weight i s  only  60  ^ above normal and th e  d if fe re n c e  i s  n o t s ig n i f ic a n t
TABLE 10.
A ctiv ity
por mg, protein
A ctiv ity  A ctiv ity
per g . wet weight fo to ta l  Oytoplasa
M
0
E
m
A
L
IÎO. o f 
t i s s u e s
Mean
10
0*031
0*017
0,009-#059
10
3*51
1,69
0,4-5*8
91*3
3*2
87,6-95*9
T
H
X
R
0
T
0
X
I
G
Ho, of 
t i s s u e s
Mean
B.Bo
Range
20
0,046
0*015
0*028-.072
20
4*58
1*08
2, 55- 6,90
20
90*4
6,1
75*5- 96 ,3
t
P
2,40 
< 0*025
2.09
< 0*05
TABLE 10.
ACID HIBOH0OLEA8B AGOTXfY IN
SÜPEMATAHT OF îffiîAîï
THYROID QIMW
Oomparison o f Hormal w ith  T ig ro to x ic  
In  S e r ie s  1
iTABLE I I -
A ctiv ity  A ctiv ity  A ctiv ity
per mg# p rotein  per g* wet weight fo to ta l Cytoplasm
^  Mean 0 .044 3*4B 89*5
#
% S.B, 0;024 2*02 7*0
R^onge 0i015-0;084 1*38-7*50 75*4-97*1
Mean 0*044 0*221 5*6a
MB
6  8  S%D. 0*032 0.193 4.1
g  g  Ronge 0*003*0*111 0.007-0.525 I .I - I 3 .8
-M  ' , ■ .
A Mean O.O46 0.18? 4*7
3  ^
S.D. 0*023 O .I65 3 i3il
H B Range 0.010-0*106 0*033-0*458 1*4-I0 i9
TABLE 11.
AGIS RIBOmCLEASE ACTIVITYf *»■ ---- ----
I H A B E im m  OE 
h ü îm  ' îiiïH om  OUI®
R e su lts  in  Ton T issu es: '
Three Cytoplasm ic F ra c tio n s  o f Each
TABLE If?.
A c tiv ity A c tiv ity A c tiv ity
p e r  mg* p ro te in p e r g* wet weight fo t o t a l  Cytoplasm
Ho. o f Î5 K À
q t is s u e s P 5 4
A
E Mean 0,047 2,62 83*7
0
I S.B. 0 ,025 1*13 6 .9
n
0
T-T
Bange 0 ,026-,073 1 .10- 3.71 77*4-91.6
A t 1.53 1*05 2.31
S
T i  0*05
Ho* o f
H
A
t i s s u e s 4 4 4
i i .
8 Mean 0.150 5.80 74 .5
11
I
■fl.f
B*D, 0.141 5,16 8.1
0 Eajige 0 , 061-362 2.40»13.45 66. 4- 83.8
T
0 t 2.81 1 .32 4 .69
B
P <0.02") .01 < ^ .005-),001
TABUS 18.
ACID EIBGHUOLBASE ACTIVITY IÎÎu r i I » i  n 1 1 ' v. ' Twyrmmv
BHPEMâTABT OF IMUM 
THYROID QUMD
R ésu lta  in  Gaaoa o f  Oarclnoma and Haahimoto^a T h y ro id itia  
w ith  S ta tia tic a X  E valua tion  a g a in s t 
Ho37mal T îg ro id  Sapomat&uit
becauBG of the vatlemoo of the sample.
Gosiparison between ao ld  IMAaoe ixx th e  "M itochondrial" f r a c t io n  o f 
normal mid t lg ro to x io  g lands shows t l ia t  th e  a c t iv i ty  of th e  l a t t e r  exceeds 
th a t  o f th e  form er whatever method o f  expression  i s  used» h u t duo to  th e  
v arian ce  being la rg e , theae  d if fe re a c e a  do n o t reach  s t a t i s t i c a l  s ig n i f i ­
cance' (Table 13 )* In  c o n tra s t  to  th o  su p e rn a tan t, th e  a c id  HHAase 
a c t iv i ty  o f  tixe "M itochondrial" f r a c t io n  o f  th y ro to x ic  g lands was only 
tv /c^ th ird s o f  th a t  ehov/n by th e  a lk .  EHAase in  t h i s  f r a c t io n .  The adeno- 
aa ,ta  (T able H  ) and carcinom ata (T able I 4 ) o f th y ro id  d isp la y  th e  same 
a c t iv i ty  p e r  mg# p ro te in  in  th e  "M itochondrial" f r a c t io n  as  does t^ ile  
f r a c t io n  o f th e  normal g].amd; th e  in c re a se  in  weight o f  t h i s  f r a c t io n  p e r  
0 * o f  t i s s u e  in  th e se  co n d itio n s  r a i s e s  th e  a c t iv i ty  p e r  g . wet w eight 
above th a t  o f  ’feho nomVal bu t no t s ig n i f ic a n t ly  00* On th e  o th e r  hand, ' 
th e  "M itochondrial" f r a c t io n  o f Hashimoto t is s u e  has much g re a te r  a c id  
BM ase a c t iv i ty  then  th e  normal w hether measured p er mg. p ro te in  (P i 0*05) 
03? p e r g* wet w eight (P ( O.OO5) •
The a c id  EHAase a c t iv i ty  o f  th e  "Microsomal" f r a c t io n  o f th e  normal 
th y ro id  p e r  mg. pro tein , i s  lo s s  than  th a t  of th e  normal "M itochondrial" 
f r a c t io n  w hile  th e  ac id  I#Aaso a c t iv i ty  o f th e  "Microsomal" f r a c t io n  o f  ■ 
th e  th y ro to x ic  g land  i s  g r e a te r  than  th a t  o f  th e  "M itochondrial" f r a c t io n  
o f  th y ro to x ic  t i s s u e  (Table 15 )# As a  r e s u l t ,  th e  d if fe re n c e  between 
n o m a l and to x ic  i s  s ig n i f ic a n t  a t  th e  5/^  l e v e l .  The a c t iv i ty  o f t h i s  
f r a c t io n  p e r g* wet welg^it compared w ith  norriial i s  no t e le v a ted  to  th e  
eania degree? and th e  d if fc re n o e  i s  n o t s ig n if ic a n t*  Again, th e  p o s itio n  
o f  adenomata w ith  re sp e c t to  th e  etoid #IAase a c t iv i ty  o f  th e  "Microsomal" 
f r a c t io n  i s  in te rm ed ia te  between th a t  o f  th e  normal and to x ic  g land , th e
TABLE 1 3 .
A ctiv ity
per mg* protein
A ctivity-
p e r g* vmt weight
A c tiv ity
fù t o t a l  Gytoplaem
ÎÎ
G
E
M
A
L
B
T
H
T
E
0
T
0
X
I
c
3
Mo# of* 
t i s s u e s
Mean
3.D.
Ho. o f  
t i s s u e s
Mean
3.D»
Range
t
6
0.043
0.018
0 . 010*0.062
20
0*'066
0*038
0 . 017- 0.143
1 .4 2
0.18
0 .08
0*05*0.27
20
0 .24
0.16
0 . 06- 0*57
0.86
4 .5
3 .4
1*3-9*1
20
4*7
3*0
1 . 3- 10 .9
i
%
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ACIB BIBOBUGLBASE AOglVW IN
■ ■ I■ w tiII . Bij i [ f i T i ' i T ‘ 1 m  ~i—  — - ' T '   r r r r
''mïOCHOHDHIAB" ÏRAC5M0H 
OF iraii® ÏHYSOIB GBAHB
Comparieon o f  Normal w ith  ffijyrotoxic
taüJjü; 14 '
G
A
II
G
I
M
0
M
A
S
H
A
S
H
I
H
0
T
0
8
A ctiv ity
per irtg# protein
Mean 0*043
a»D. 0*021
Range 0.023-0.061
A c tiv ity  A c tiv ity
p er g . wot fo t o t a l  Cytoplasm
Mean
S.R.
Range
t
P
0.185
0.145
0 .076-0.398
f , #
0 .27
OiSl
0.15-0.58
1.05
0 .82
0.35
0 .5 9 -1 .34
4.31
(0 .0 0 5
7 ‘ 3
4 .0
3 .6 -1 2 .9
1 .37
13.1
4«3
8 .3-16.8
3.60
<0.01
TABLE 14.
ACIB BIBOKUCLEftRE
op._
Results in  Four Cases of Carcinoma and 
Four Cases of Hashlmoto* s Tliyroiditis 
with S ta tie tio a l Evaluation against 
Normal Thyroid "Mitochondrial" Fraction
TABLE
A c tiv ity  A c tiv ity  A c tiv ity
p e r  mg. p ro te in  p e r  g# wet w e i^ it #  t o t a l  (j^toplasm
ÏÏ
0
H
M
A
L
8
T
H
I
R
0
T
0
X
I
0
s
Ro* o f 
t i s s u e s
Mean
8.D,
Range
No* o f
t i s s u e s
Mean
8.D*
Range
t
P
0*037
,0*025
0*011-0*088
20
0*072
0*039
0 *010- 0*162
2*15 
< 0*05-> 0*025
7
0*185
0*134
0 *044- 0*440
20
0*249
0*169
0 *051- 0.425
0*90
4 -2  , ,
1 .9  \
2*8-7*t
20
4*8
3*1
1 * 0—11.6
X
TABLE
AOÏB BIBONUOmsS ACTIVITY IN
WfOROSOML" FRACTION
OF HWàN THYROID GLAND
Comparison of Normal with Thyrotoxic
133.
differonoûB  from th e  noxiaal le v e ls  o f  a o t lv i ty  n o t being  s ig n i f ic a n t  
(T able 11 ) •  The a c t iv i ty  o f  aoicl MAase in  th e  ^Microsomal” f r a c t io n  
o f  t l y r o id  carcinom ata ( fa b le  l 6 ) l a  much th e  same a s  th a t  o f  th e  n o m a l 
râmi meaeurecl p e r  mg* p ro te in ^  and though i t  i s  aim oat double th a t  o f 
Romml when cacpressed p e r  g* wot v/oight, t h i s  d if fe re n c e  la  n o t s ig n if ic a n t*  
The **Miorosoraal” f r a c t io n  o f  îlaohimoto t i s s u e  t e a  v i r tu a l ly  th e  same a c t ­
i v i t y  aa  th e  ^M itochondrial” f r a c t io n  o f  t h i s  t i s e u e ,  so  th a t  once again  
i t s  a c t iv i ty  I s  g r e a te r  theui th e  nor^ial at a  le v e l  oi s ig n lf ic a iie e  o f  5^  
when measured p e r  mg# p ro te in  and 0 *5^ 5 when measured x)or g# vmt \Y el#it; 
in  t h i s  connection) i t  should be observed (T ab les 14 and 16 ) th a t  w hile 
in  both p a r t ic u la te  f r a c t io n s  o f  Xlashlmoto t i s s u e  th e  a c t iv i ty  on both 
s c a le s  ia  more th an  fo u r  tim es t h a t  o f  th e  corresponding  f r a c t io n s  o f  th e  
norBial g landj th e  v a rian ce  o b ta in in g  when th e  a c t iv i ty  l a  expressed  p e r  
nig* p ro te in  reduces th e  le v e l  o f  sigjEilficance much below th a t  c a lc u la te d  
when th e  r e s u l t s  a re  expressed  p e r  g* wet \vei^at> when th e  v arian ce  becomes 
sm a lle r.
B xaaiim tion o f  th e  d is t r ib u t io n  o f  a c id  W h a m  a c t iv i ty  w ith in  th e  
th re e  cytoplasm ic f r a c t io n s  s tu d ie d  showed some in te r e s t in g  fea tu re s*  
R e la tiv e  to  th e  d is t r ib u t io n  o f  alk* BIlAase» a  h ig h e r percen tage o f th e  
cytoplasm ic a c t i v i t y  o f  t h i s  i s  lo c a te d  in  th e  su p ern a tan t o f
norinal, t!%rroto%lc and adenomatous t î ^ o i d  tis su e ?  th e  d i s t r ib u t io n  o f 
th e  two a c t i v i t i e s  i s  s im ila r  in  t% r o id  carcinom ata ? b u t i n  th e  Ilashlmoto 
t i s s u e ) th e  percen tage lo c a te d  in  th e  su p ern a tan t i s  much le s s  than  th a t  
o f  th e  a lk i  BIAese* T his in  tu rn  means th a t  more o f th e  cytoplasm ic a c id  
PiHAase a c t iv i ty  i s  locEited in  th e  p a r t ic u la te  f r a c t io n s  o f  EasMmoto 
t i s s u e  and l e s s  in  th e se  f r a c t io n s  o f th e  normal., th y ro to x ic , and
1 3 4 .
adenomatous g la n d s . C e rta in  o f th e se  d iffo ro n co s from th e  normal i n  th e  
d is t r ib u t io n  o f th e  emsyme a re  s t a t i s t i c a l l y  s ian lf io ^ m t: th e  percenta^;^
a c t iv i ty  o f  th e  Hashimoto su p e rn a tan t being  low er than  normal (P4 0 .005) ,  
th a t  o f tho  "M itochondrial” f r a o t io n  o f  th e  same t i s s u e  being  hippier th an  
normal (P O.Ol), a s  i s  tho  "Microsomal” f r a c t io n  (P<O.OOS)| end th e  
percentage e ic tiv ity  o f  a c id  MIAase in  th e  "Microsomal" f r a c t io n  o f th jT o id  
carcinoma i s  a ls o  h i^ m r  than  (P CG.05)* Eo reiaarkablo d if fe re n c e s
i n  percen tage o f  iC^toplasnsio a c t iv i ty  o f  a c id  Mlàase wore found between 
th e  %m p a r t i c l e  f r a c t io n s  i n  any o f  th e  groups o f tl^TO id t i s s u e  oxmiixieû*
The a c t i v i t y  o f  BIAase I  in  th e  supernatant o f  norüial th y ro id  gave  
a mean v a lu e  of 0.66 u n it s  p er  mg* p r o te in  and 6 4 . 5  u n it s  per g . wet w eight 
(T ab le  17 ) .  The cori^espond-Jng v a lu e s  f o r  th e  th y r o to x ic  t i s s u e  are  
on ly  s l i g h t l y  h ig h e r , and a lth ou gh  th e  me&m v a lu e s  f o r  th e  adenomata, are  
about SO f h ig lîor  than noimel. (T ab le  18 ) ,  th e  d if fe r e n c e s  are  n o t s ia n if i* -  
c a n t . The mean a c t i v i t y  p er  mg* p r o te in  in  supernatant o f  tinyroid car­
cinom ata i s  th r ee  tim es th a t  o f  th e  noamal ( f  < 0*02) and th e  a c t i v i t y  p er  
g .  wet w eight a lm ost tw ic e  th a t  o f  th e  norm al, but th e  l a t t e r  d if fe r e n c e  
i s  n o t s t a t i s t i c a l l y  s ig n i f i c a n t  because o f  th e  la r g e  var ion co  o f  th e  
data* The a c t i v i t y  o f  th e  Haahimoto supernatant exceed ed  th a t  of th e  
mormal f i v e - f o l d  when m easured p er  mg. p r o te in  (P ( O.OOl) and tv /o -fo ld  when 
measured p er  g* wot w oigjit, b u t a s  was- th e  ca se  w ith  tho oarcin o im ta , th e  
l a t t e r  In crea se  i s  j u s t  o u ts id e  tho  5g& |> rob ab ility  l e v e l  (Table 19 ) .
*BiO r e s u l t s  ob ta in ed  in  th e  p a r t i c le  f r a c t io n s  o f  normal end to x ic  
th y ro id  and tîîy ro id  adenoïnata show many in te r e s t in g  f e a tu r e s ,  n o t l e a s t
TABLE 17-
A ctiv ity  A c tiv ity  A c tiv ity
per p rotein  per g* v/et woight fa to ta l  Oytoplasm
n
0
E
m
A
L
No# o f  
t i s s u e s
Mean
8.1).
Range
10
0*66
0*47
0 *16- 1*56
10
64*5
33*9
10*0- 130*2
62*3
11.1
46. 7.^ 77*9
T
II
T
a
0
T
0
X
%
c
Eo* of 
tissues
Moan
S.B.
Range
20
0 .7 6
0*38
0 . 12- 1 .3 7
20 
76.1
45 .6
15. 0- 167.1
so
60*4
13^5
34. 6- 82 .7
0 .6 2 0 .71
SABLE 17
deoxyh:
Oompariaon o f  HarmaX w ith  T hyrotoxic 
in  S e r ie s  I
TABLE 19*
A ctiv ity A ctiv ity A ctiv ity
per mg. p ro te in per g# wet weight fo to ta l  Gytop]
Mo* of
c tissu e s 5 5 4
A
R Mean 1.81 109 49 &8
G
I 8.B, 1*04 83 9.8
E
0
u
llmgo 0*98*3*59 50*255 37.5- 61.3
A t 2.99 1*48 1.76
S
P ^ 0.02~>.01
Ho* of
n tis su e s 4 4 4
A
B Mean 2.98 125 61*2
H
I 8 .D. 1.55 82 12*4
m
0 Range 1,48-4.00 50-230 46. 0- 75 .4
T
Q t 4.48 2.04
B
P <0.001 < 0.1-) .05
TABUS
BBOXYMBOMUCLBASE I  ACTIVITY IN 
SBPE1®ATA®T OP IHJIMÎ'Î 
THYllOID ClABB
»*4a. ECTVnt
Hesoltfj in  Oasea of Oaroinoma and HasMvaoto* s T hyro id itis 
with S ta t is t ic a l  Evaluation against 
Eorraal Thyroid Suponnatant
TABLE l a *
A ctiv ity
per Big* protein
A ctiv ity   ^ A ctiv ity
per g*. wet weight f> to ta l Cytoplasm
I
Mean
Range
0*98
0*85
0 , 25- 3 ,15
84
96
20-350
57.4
23.0  
13.2 -8 1 .7
3
l a
i i
| d
Mean
8.B*
Range
5*95
1*95
2*27- 8*51
30.6
28*9
4 . 7- 102*4
20*6
11.0
12*4*44.^
A .
II
9  9
Mean
S*I).
Range
7 ,46
3.59
4 . 63- 14.12
30.5
29.9
4 . 5- 99 .8
22.0
17.4
5, 8- 66.3
TABLE 18.
DEOJHEIBOHOOLBASE I  ACTOTIÏÎ
ifcuLH. jm i%wnMsi,mie*wrrs^iTArFO
IB ABBHOMATA OF
m iW  THYROI» CrLAMB
I'gr iM in i n l iP i I n w pwm
Results in  Ten Tissues:
Three Cytoplasmic F ractions of Bach
1 3 5 .
being  th e  f a c t  th a t  th e  a o t iv i ty  p e r  mg* p ro te in  in  th e se  f r a c t io n s  i s  
alm ost to n  tim es th a t  found i n  th e  ra sp e c tiv e  supexnatan ta , in  c o n tra s t  
to  tho  s i tu a t io n  api)lylng w ith  edk* and a c id  MAanm (Tables 20 ,  22 
and 18 )•  Another feature^ to  he no ted  i s  th a t  th e  s p e c if ic  a c t iv i ty  o f  
th e  ’^Microsomal" f r a c t io n  exceeds th a t  o f th e  "M itochondrial" f r a c t io n  in  
a l l  groux>S) (^though th e  d if fe re n c e s  a re  n o t lEirge# As in  th e  su p ern a tan t 
f r a c t io n ,  so i n  bo th  p a r t i c le  f r a c t io n s  th e  s p e c if ic  a c t iv i ty  o f  th e  thyro* 
to x ic  t i s s u e  i s  g re a te r  th an  th a t  o f  th e  norm al, w hile th a t  o f  th e  th y ro id  
adenomata i s  g r e a te r  then  both  tho  th y ro to x ic  and th e  normal*. However, 
th e  only d if fe re n c e  t o  ach ieve s t a t i s t i c a l  s ig n if ic a n c e  i s  th a t  between 
th e  "litociiorAclrial" f r a c t io n s  o f  normal and th y ro to x ic  glands? in  t h i s  
connection , i t  must he borne in  mind th a t  the  r e la t iv e ly  la rg o  niiiaber o f 
samptles in  th e  th y ro to x ic  group , w i l l  tend  to  exaggerate  th e  s t a t i s t i c a l  
im portance o f  d e v ia tio n s  from norraal d lsp lcy ed  by th i s  group although 
d ev ia tio n s  a re  p re sen t in  o th e r  types o f t i s s u e  lA ic h  a re  n o t so 
w ell rep re se n te d  and th e re fo re  f a i l  to  make a  f u l l  impact when expressed  
in  s t a t i s t i c a l  terms* L i t t l e  need be m tid conoem ing th e  a c t i v i t i e s  p e r  
g . wet weight o f  th e  p a r t i c le  f r a c t io n s  in  th e se  t i s s u e s ,  s in ce  no s ign ifi-*  
can t d iffo ro n o es  between th e  normal g land  and th e  o th e r  two tyi)cs occu r, 
excep t to  p o in t  out th a t  onco ag a in  th e  p a r t i c l e  f r a c t io n s  o f th e  adenomata 
a re  more a c t iv e  th an  th o se  o f  th e  normal and tî^yxotoxio glands*
Turning to  th e  p a r t i c le  f r a c t io n s  o f th y ro id  carcinom ata and i^en d s 
a f fe c te d  by Hashimoto^e th y r o id i t i s  (T ables 21 and 23 ) i t  w il l  be seen 
t h a t ,  w hile th e  in c re a se  in  s p e c if ic  a c t iv i ty  over th a t  found i n  tho  
fiupom atanta o f  th e  re sp e c tiv e  t i s s u e s  i s  only two- to  fo u r - fo ld , th e  
y ie ld  o f  p a r t i c le s  p e r g . o f  t i s s u e ,  p a r t ic u la r ly  so w ith  th e  carcinom ata.
TABLE 20.
A ctiv ity
p e r  mg. p r o t e in
A ctiv ity   ^ A ctiv ity
per g* wet weight fo to ta l  Cytoplasm
H
0
E
M
A
L
T
H
y
E
0
T
0
X
1
0
s
Ho* o f
t i s s u e s
Mean
S*B*
lange
Ho* o f
t i s s u e s
Mean
a*B«
Hange
t
P
5
4.14
2*4&
1 *53- 7 .74
20
5.83
1*25
4 *38- 8*94
2*12
<0*05->0*025
16*0
11.9
6*1- 34.7
20
22*0
13 .0
9 *8- 52.8
0*94
5
14.8
9*8
6* 4- 30.6
20
19 .0
7 .7
8 *4- 35.8
1*04
TABLE go*
DEOmiBQMOLEfiBE I  ACTIVITY m
*mTOOHOHI)EIAL" ElAOTIOm
OF i im im  Tim oii) a h r n n
Comparison o f Normal with Tliyrotoxic
TABLE 2 1 .
0
A
E
0
1
M
0
M
A
0
A ctiv ity  A c tiv ity  A c tiv ity
per ïïïg. p rotein  per g* wet w ei^ it f> t o ta l  Cytoplasm
Hem 6 .81 43*4 I 8 .5
1*53 21.4 4*a
Range 5. 09- 8 ,43  22, 7- 64*8 15 , 6- 24.3
^ 1*09 2*46 0 .70
^  < 0*05
A
S Mean 4.73 29*1 16.9
H
 ^ 8,2), 1*71 23*0 5 .8
M
0 Range 2,44- 6,49  9,0^63*3 9 .4 -2 3 .7
0
® t  0 ,41  1 .08  1 .69
21.
DB0XYBIB0m;0I.Kà8B I  ACIiy.m IH 
"MrJOCHOMSRIAL" FMCflQH 
OF HtlïJâM æimïOIB GLAND
B esiîlte  in  Four Gases of Carcinoma and 
Four Cases o f Eashimoto* s TJtiyroiditis 
w ith  S t a t i s t i c a l  E valua tion  ag a in s t 
Normal Thyroid ’^ îito eh o n d ria l"  F ra c tio n
TABLE 22,
A c tiv ity  
p e r  mg. p ro te in
Activity 
per g.. wet weight
Activity 
fo  to ta l GytoplaBm
H
0
No#, o f  
tissue© 6 6 5
1$
M
A
h
Ci
Hoaïi
8*D.
5*a0
3.36
83.4
12.7
28,9
12,4
w
Range 2.08-9.90 6.4-30,8 9. 6- 30.7
T
H
Y
ï i
No#f of 
tisme© 20 20 20
0
T lean. 6.45 21.2 19,9
0
X
8,&. 1.34 8*65 7.3
X
G
B
Range 3.24-9.08 11 . 1- 3 7 .8 6 .4- 3 3 .1
t 0.61 0.49 0.82
DEOXYaiBOmOLmSB I  AOTIVZTY m
«mOROSOMAL" mAOTION
OF m mm  mYRoiB o m m
Comparison o f Normal with Thyrotoxie
TABLE 23^
A ctiv ity  A ctiv ity  A ctiv ity
per mg* p rotein  per g* wet weight f  to ta l  Cytoplasm
G
A
R
0
M
A
S
II
A
8
II
Ï
m
0
T
0
Mean
8.D*
t
Mean
8.B.
8*44
1 .20
7431-9*94
1.43
t
7 .90 
1.67
5*88-9,80
1*09
71.5
25.6
43. 7- 9 6 .2
3.90
0.005
45*3
27.5
27. 8*86.3
1 .73
31,8
6*7
23. 1- 38.2
1.28
24.3
7 .6
14*2- 30.3
0.21
TABLE 23.
BEOXYRIBONUGLBASE I  ACTIVITY IN
«MÏGHOSOMAL" FRACTION
OP HUMAN THYROID OLAim
R e su lts  in  Four Gases o f Carcinoma and 
Four Gases o f  Eashimoto^ s  T h y ro id itis  
w ith  S t a t i s t i c a l  E valua tion  a g a in s t 
Normal Tliyroid "Microsomal" F ra c tio n
1 3 6 ,
i s  r e la t iv e ly  very  muoli g r e a te r  than  th a t  ob ta ined  in  th e  f i r s t  th re e  
groupa* Gonaecxuontly, none o f  th e  p a r t io le  f ra o tlo n a  in  theae  two tie ,sues 
has sp e o lf io  a o t iv i%  o f ïllâa se  1 p e r  mg* p ro te in  s ig n i f ic a n t ly  h igrier 
th a n  th a t  o f  i t s  co u n te rp art in  normal tliy ro id  in  t h i s  se rie s*  On th e  
o th e r  hand) th e  a c t iv i ty  o f th e  "M itochondrial” and "Microaomal" M âase I  
a c t iv i ty  o f  tho  carcinoma group p e r  g* wet w eight i a  s lg n iflo a m tly  h ig h e r 
than  th a t  o f th e  corresponding f r a c t io n  o f  th e  normal g land whon expressed  
in  t h i s  fash ion*  th e  values o f  P b e in g  l e s s  than  0*05 and 0*005 re sp e c tlv e ly  . 
I t  i s  a lso  wortîxf o f  mention th a t  In both  Haphlmoto and carcinom a groups, 
th e  a c t iv i ty  found in  th e  "Microsomal" f r a c t io n ,  whether expressed  p e r  mg. 
p ro te in  o r  p e r  g . vïot w eight, exceeded th a t  o f  th e  "M itochondrial" f ra c tio n , 
I t  fo llo w s from what has been describ ed  th a t  tho  percentage o f  th e  
cytoplasm ic a c t iv i ty  o f  BMase I  p re sen t i n  th e  su p ern a tan t f r a c t io n  ought 
to  bo le s s  than  th e  percen tage o f cytoplasm ic alk* and ac id  ïîNâase a c t ­
i v i t i e s  lo c a te d  in  t h i s  f ra c tio n *  Buch indeed i s  th e  ca se , th e  mean value 
being  in  th e  reg io n  o f  60^  ^ f o r  a l l  g roups,excep t th e  carcinom ata where th e  
value  i s  a s  low as  49.654• By tho  same token, a  ^ jrea tly  in c reased  share  
o f  th e  oytoplasïïiio a c t iv i ty  o f  t h i s  en t^ io  i s  d is t r ib u te d  between th e
p a r t i c l e  f r a c t io n s ,  th e  "Mlorosoim:il" f ra c t io n s  co n ta in in g  a  rathox* h ig h e r
\
peroentc\ge than.the% itpohohdriaï"f^ '^vO tionî t h i s  i s  e s p e c ia lly  th e  case 
w ith  th e  carcinom a end th y r o id i t i s  groups.
Deoxvribonuclease I I
In  a l l  types o f  th^rroid t i s s u e ,  tho  a c t iv i ty  o f  t h i s  ensyme in  th e  
aupom ataat i s  15-30 tim es g re a to r  than  th a t  o f  D làase I .  The mean 
ao tiv :lty  p e r  mg* p ro te in  o f  th e  normal t ig r o id  su perna tan t i s  17*5 u n i ts
TABLE 24^
A c tiv ity
p e r  D]g, p ro te in
A c tiv ity  A c tiv ity
p er g* wet v^eight f  to ta l-O ytoplasm
H
0
E
Ti
A
L
a
No. o f 
tisB uea
Mean
8.D.
Range
10
17»5
8.8
6*99-36.3
10
1758 
703
1250-3630
93.6
3 .4
88 .2-96.4
T
H
Y
E
0
T
0
K
X
c
u
Ho* of 
t i s s u e s
Mean
S. 3).
Range
20
26.3
10.7
8 . 7- 48.9
20
2366
674
1165-4299
20
88*3
6 .9
72. 9*9 9 .3
t
?
2 .23
4 0 .0 5
2.28 
4 0 .0 5
1.64
WJ 24.
BEOXÏKIBOïïUCLBàSE I I  AOÎIVITïœ
SUPBIMAMl’ Qg HUMAa
THYROID fiLSHD
Oomparison of Moraial vâtlx Tïçriîotoxic 
in  Series I
TABLE % .
A ctiv ity
por mg». protein
A ctiv ity   ^ A c tiv ity
per g . wet weight f  to ta l  Cytoplasm
!
Mean
8*D#
Range
25.6
14 .2
9 . 8- 52.9
1970
911
655-3600
83.3
10 .4  
62,2-97*2
g
8 8
0  EH
B 30 mMm
Mean
8,D,
Range
2U7
3.4*6
6*7- 60*3
111
103
8-336
4*9
4 .2
1 *2- 13.9
\A ^
I I
I I
r
Mean
8.D.
Range
36.2
23.1
1 3 .2 -92 .0
155
143
11-418
6 ,8
6.6
1 .6 -2 3 .9
TABLE 25.
BEOXKRIBOHUOLEASB I I  AGTIVm 
IN ADMOHATA OF
im pm  aHYRoiB olahs
R e su lts  3.a Sea T issu es:
Three C ytoplaanic F ra c tio n s  o f Each
TABLE % ,
Activity
por Hig* protoiîî
Activity
p03? g# wot woight
Activity 
fo to ta l Cytoplasm
0
No* of 
tisauoQ 5 5 4
A
ï \
0
■ Mean 32*8 18B5 B3.3
l
1
B,D. 5 .0 458 5*0
\
0
Iff
Hang© 29*8-30*8 1505-2840 78 .0 -90 .1
A
S
t 3.53 0^36 3*68
F ( a 005-)* o o i < O01->.OD5
E
No. of 
tissues 4 4 4
A
S
î?
Mean 46 .7 1086 05 .5
i l
X
îî
8*D* 10 ,9 740 6 .3
i ’îl
0 Range 32, 9- 59,4 1320-2970 77. 7- 92 .0
T
0 t 5-23. 0.31 2.57B
P < QïOOl < 0;05->,025
TABLE 26.
moxmiBomcLEASE i i  aotivity m
SÜPIWATAHT Of HUMAH
THÏHOÏ» GM»
Résulta în  Gagea of Caroisionia and Hashimoto'o Thyroiditis 
with S ta tis tic a l Evaluation against 
Normal Tiiyroià Supernatant
131
and th a t  o f  th e  tliy ro to x ic  ©iipexnatont 26*3 u n itp , th e  d iffe re n ce ' being  
e t a t i s t i e a l l y  e ign ifio^m t (P ( 0 .0 5 ) , a s  i s  th e  case when th e se  a c t i v i t i e s  
a re  r e la te d  to  g , wet woig^it o f  th e  t i s s u e  when th e  mean v a lu es a re  1758 
and 2366 u n i t s  re sp e c tiv e ly  (Thble 24 I t  w i l l  he seem (Table 25 )
th a t  th e  supem atsin t o f  th y ro id  adenomata i s  l e s s  a c tiv e  than  th a t  o f  tho 
th y ro to x io  g land  h u t more a c tiv e  th en  th a t  o f th e  norm al, w ith  mean a c t­
i v i t i e s  o f 25.6  u n i t s  p e r  mg. p ro te in  and 1970 u n i t s  po r g* wot w eigh t, 
although  th e se  d ifferom ces from norm ality  a re  n o t s ig n i f ic a n t , ' The mean 
a c t iv i ty  o f  th e  su p ern a tan t f r a c t io n  o f  tho  carcinom a., group i s  alm ost 
tw ice th a t  o f  th e  norm als p e r  mg, p ro te in  (F i 0 *005) w hile th a t  o f  th e  
Eashimoto group (Table 26 ) i s  alm ost th re e  tim es th a t  o f  the  normal p er
mg* p ro te in  (F < 0*001)* On th e  o th e r  hand, when th e  su p ern a tan t a c t iv i ty  
o f  th e se  t i s s u e s  i s  expressed  p e r  g ,  wet w eigljt, they  d i f f e r  l i t t l e  from 
th a t  o f th e  normal g land , a  s i tu a t io n  f o r  which th e  low percen tage o f  the  
wet weight o f th e se  t i s s u e s  aoeoim ted fo r  by th e  supem attm t i s  responsib le#  
In  essen ce , th e  d if fe re n c e s  between th e se  f iv e  ty p es o f  th y ro id  t i s s u e  
a re  q u a l i ta t iv e ly  s im ila r  to  th o se  r e f le c te d  in  tlie  a c t iv i ty  o f  sup ern a tan t 
M âase I ;  th u s ,  i n  incre!asing o rd e r  o f  a c t i v i t y ,  th e  groups can be 
forranged in  th e  o rd e r nom m l, to x ic ,  carcinom a, and th y r o id i t i s  in  re sp e c t 
o f  bo th  enzymes? b u t q u a n t i ta t iv e ly  th e se  d if fe re n c e s  have been m agnified  
by v i r tu e  o f  th e  g re a t in c re a se  in  a c t iv i ty  o f  MAase I I  over th a t  o f 
PIfAase I  i n  th e  su p e rn a tan t so  th a t  s ta tia tio a X  trea tm en t y ie ld s  more con­
v in c in g  conclusions*
The a c t iv i ty  o f  DNAase XX in  th e  "M itochondrial" f r a c t io ï is  o f  a l l  
f iv e  groups o f tliy ro id  t i s s u e  p e r  mg* p ro te in  i s  considerab ly  low er than  
th a t  found in  th e  su p ern a tan t f r a c t io n ,  w ith  th e  excep tion  o f th e  tî^yro tox ic
TABLE ^7"
A ctiv ity  A ctiv ity  A c tiv ity
por mg. proteim per g* v;et v/eiglit fo t o ta l  Cytoplasm
N
0
II
m
A
L
S
No. o f  
t i s s u e s
Moan
8,D,
Range
1 4 ^
8 .0
7 . 9- 27*9
53
31
£0-103
5
3*1
1.8
l* 4 -5 * î
T
H
X
H
0
T
0
X
1
0
No* o f 
t i s s u e s
Mean
8.D .
Rm ae
20
39*2
26.2
12, 2- 96 .5
£0
146
120
36-508
20
5*0 
3 .8
0 , 3- 12*9
t
P
2,08  
( 0*05->O.D25
1 .70 1 ,23
27^
^OMllIBONUOLMSE I I  AGTIYITY IN
"MITGGÎMBHIAL» FRACTION
OF lOTiW THYROID QUm
Gomporlson o f  Normal with Tijyrotoxio
TABLE 2 0 .
G
A
R
G
I
N
0
M
A
S
A ctiv ity  A ctiv ity  A c tiv ity
per mg, protein  par g* v?8t v/eight f  to ta l  Gytioplaam
ÎÎ
A
S
H
I
M
0
T
0
S
Mean
S.B.
Range
ii
p
M e a n
8.D.
Eaïi^je
t
P
25a
2,3
22. 2- 27.1
2.55 
/. 0.05
26.4
12.2
17 . 3- 44 .2
1*80
156
5 7 .8
81-213
10.96
< O.OOl
17a
173
66-431
1*53
7 .3
3 .4
2 . 6- 10.7
2.41 
C 0 .05
6 .5  
3 .3
3 . 6- 11 ,3
2.81 
< 0 ,05
table 28.
BEOXYEIBQNUaijEASB I I  ACTIVITY IN 
"rilTOCHOHBRXAL" FRACTION 
OF Him.N BIYROID GUm)
R esults in  Four Gases of Oarciiioma and 
Four Gases of Hashânioto^s T hyro id itis  
with S ta t is t ic a l  Evaluation against 
Normal Tliyroid "Mitochondrial" F raction
TABLE 25*
A ctiv ity A ctiv ity
por mg. p ro te in  per g . wet weij^it
A ctiv ity  
f  to ta l  Cytoplasm
B
0
n
M
A
L
B
T
E
¥
E
.0
f
0
X
X
0
s
No, of 
tiBBuee
Mean
8.D.
Eaage
No. of 
tissue©
Mean
8.D.
Range
17*1
15*1
2. 0- 27,9
20
55.5
30.3
27.0-128.8
2.98
0.01->0.005
6
60
32
23-111
20
193 
139
56-518
2.31
< 0*OS->0,025
3 .3  
1 .7
1 ,6 -6 .1
20
6 .6
3*6
0»4*1 4 .4
2.12
0.05->0.025
29.
BEOXYEIBOmCLEASB IX ACTIVITY IB
"MlOHOSOMMi" FRACTION 
OF TOM THYROID GLAND
Oomparison o f  Normal with T%roto%io
TABLE j Ü .
A otivity A otivity '
per îôg» p ro te in  per g* wet weight
0
A
E
0
X
N
0
u
A
S
II
A
S
H
I
m
0
T
G
>3
Memi
8.D.
Range
t
P
Mean
S.D.
Range
t
P
25*9
4»9
21,0-31*8
1,11
31.0
11,6
20,2-47*4
1,55
211
27*0
171-228
7*80 
<  0.001
261
289
66-691
1 .7 4
A ctiv ity
fù to ta l  Cytoplaera
9»3
1*6
7 * 3 -1 1 0
5*26 
<  0*001
8.0
3 .3
3. 6- 11 .0
2 .80 
< 0,025
TABLE 30,
BEQXYEIBOraClEASE I I  ACTIVITY IN 
"MIOHOBOMAL” FEACTXOI 
OF HUMAN TimOlB OLAîm
R esults iîî Four Gases of Otiroinoma and 
Four Oases of Hashirnoto^s T hyroid itis 
with S ta t is t ic a l  Evaluation against 
Normal Tliyroid "Microsomal" Fraction
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group whore i t  i s  one and a  h a l f  tim es as g re a t a s  th a t  o f tho  supem a.t8nt, 
OouGoquently th e  metm a c t iv i ty  o f th e  th y ro to x ic  group, 39*2 u n i t s  p e r mg, 
p ro te in , i s  n ea rly  th re e  tim es th a t  o f  th e  normal group, 14*3 u n i te  
(Table 27 ) t  end t h i s  d if fé re n c e  i s  s t a t i s t i c a l l y  s ig t i i f ic a n t  (P< 0 *05) • 
Indeed th e  a c t iv i ty  o f th y ro to x ic  t i s s u e  p e r  mg* p ro te in  i s  much h ig h e r  
tlim  th a t  o f th e  o th e r  groups^ and w hile th e  a c t i v i t i e s  o f  th e  âctoeiîiata 
( fa b le  25 ) ,  o f  th e  carcinom ata ( fa b le  28 ) and o f tho  t% r o i d i t lo  groups 
a re  h ig h e r th a n  th a t  o f th e  normal "M itochondrial” f r a c t io n  $ th e  la rg e  
v a rian ce  and th e  sm all numbers invo lved  p reven t th e se  d if fe re n c e s  a t ta in in g  
s t a t i s t i c a l  s ig n if ic a n c e  in  a l l  bu t th e  carcinoma group* E!uch th e  same 
c o n s id e ra tio n s  apply when th e  a c t iv i ty  o f  th e  "M itoclioBdrial" f r a c t io n  i s  
expressed  p e r g* wet weight? f o r  th e  mean v a lu es range from 53 u n i ts  in  
th e  normal group to  l'/â- in  th e  th y r o id i t i s  group# y e t th e  8#D* o f  th e  
l a t t e r  group i s  a s  h igh  as  i t s  mean so th a t  s ig n if ic a n c e  cannot be demon­
s t r a te d  s t a t i s t i c a l l y *  In te rm ed ia te  between th e se  two extrem es como th e  
aderAoma;ba w ith  111 u n i te  p e r  g , wet wei^nt (Table 25 )# the  tliy ro to x lo  
group w ith 146 u n i t s  p e r g* wet w eight (Table 27 } , and th e  carclnoniata 
t# ith  156 u n i t s  p e r g* wot weight*
In  a l l  f iv e  groups o f  th y ro id  t i s s u e ,  th e  a c t iv i ty  o f  th e  "Microsomal,” 
f r a c t io n  i s  h ig h e r  th an  th a t  o f  th e  "M itochondrial” fra c tio n *  The mean, 
v a lu e  f o r  th e  normal group i s  17*1 u n i t s  p e r  tag* p ro te in  (Table 29 ) » 
w hile th a t  o f  th e  tîîy ro to x io  group i s  g re a t ly  in c re ase d  to  a  mean o f 55*5 
im i ts  p e r mg* p ro te in  ( F 1 0*01} ♦ mean value f o r  "Microsomal” DNAase I I
p e r  îiig* p ro te in  in  tho  adenomata i s  36*2 tu i i ts  (Table 25 ) ,  a  v a lue  which 
i s  h ig h er than  th o se  o f th e  o th e r  two oytoplasm io f ra c t io n s  o f t h i s  t i s s u e ,  
b u t th e  d if fe re n c e  from th a t  o f  th e  nonmil group i s  n o t s t a t i s t i c a l l y
1 3 9 .
' \
' \
slgn lficoM  in  the  prosont series*  Tho epeoifio a c t iv i t ie s  of th%"E!lcro- 
âomaX" fra c tio n  of the carcinoma and tliy ro id itie  •series (Table 3p\ are 
interm ediate between those of the other two fra c tio n s  o f those ti'bW^S;
and tlioiifh the values of 25*9 u n its  and 31*0 u n its  respectively  are well
\  '
above tJm t of tSie coEJiesponding f r a c t io n  o f  th e  normal g land , the; d i f f e r -
I
onces a,m not sign ifican t*  Hien the a c tiv ity  of th is  fra c tio n  i s  exj>ressed 
par g* wet weight of t is su e , the megm value fo r  the nom al gland i s  60 
u n its  (Table 29 ) .  This value i s  g reatly  exceeded by th a t of tlio t ig ro -  
tox ic  s e r ie s , 193 u n its  (P< 0*05)» and by tho carcinome, oeriaa , 211 
(F< 0.001) Î hut tho momi values fo r  the  adenomata and th y ro id itis  ^iroups, 
while they arc  much higher than th a t of the noimal a t  155 and 26l u n its  
per gm wet weight re spec tive ly , are  associated with a marked degree o f 
variance within the groups so th a t s t a t i s t i c a l  significance i a  not obtained.
The d is tr ib u tio n  o f DNAase I I  w ithin the various frac tio n s of the 
cytoplasm shows a re la tiv e ly  higher percentage of the a c tiv ity  located 
in  the supernatant of the normal glmid in  comparison with the other types 
of tissue* In  tu rn , these have a higher percentE^ge of the a c tiv ity  
located in  the p a rticu la te  f ra c tio n s . Thus in  the normal, 93*6^ of the 
to ta l  oyto|>lasmio a c tiv ity  measured i s  found in  the supem atim t, a h i ^ e r  
percentage than th a t of any o ther nuclease studied (Table 24 )* In  the 
tox ic  and adenoma groups, the moan percentage i s  lower, the value being 
88.3^ in  both (fab les  24 &md 25 )# In the c^irclnoma and t% ro iM tls  
s e r ie s , i t  i s  very ïauch lower s t i l l ,  the ïiiean percentage of the cytoplasmic 
a c tiv ity  o f DNAaso I I  found in  the supernatant f a ll in g  to  83 . 3^ (F^ 0 *01) 
and 05*5^ (P< 0.05) respectively  (Table 26 )* Gonversoly, in  comparison
with the low p a rtic u la te  share of tho cytoplasmic a c tiv ity  of th is  ensymo 
in  the normal tis su e  of aroimd 3;b in  both fra c tio n s , tho thyrotoxic tissu e
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had o f th e  oytoi^leemic a c t iv i ty  in  th e  "EïltoGlioM riül" f r a c t io n  end 
6 . 6^  in  th e  "liicrooom el” f r a o t io n  (P< 0 *0 5 ) a s  reco rd ed  in  T ables 27 
and 29  # Tho correepondlng valties  f o r  th e  adenomata were 4 *Sy^  end 6 *0/S, 
e lth o n # ! both  th e se  meana a ro  a s so c ia te d  w ith  very la rg e  v a rian ce  
(Table 25  )# The mean v a lu es  found in  th e  carcinoma gxeu]? avo  h i^ io r  
a t i l l ,  th a t  f o r  th o  percen tage o f  cytoplasm ic DMaca I I  i n  th e  "M ito- 
ehcm drial" f r a c t io n  being  7 *3 /^  (P< 0 . 0 5 ) whiXo th e  corresponding f ig u re  
f o r  th e  "Microsomal” f r a c t io n  i s  9*3yo (?< O.OOl) a s  reco rded  ih  TEibles 
28 and 3 0  5 in  th e  same f e b le e ,  i t  may be observed th a t  th e  d is t r ib u t io n
o f  th e  o n ^ a o  in  th e  p a r t ic u la te  f r a c t io n s  o f th e  th y r o id i t i s  s e r ie s  io  
lo s s  than  i n  th e  carcinoma group b u t e ig n if ie a n t ly  h ig h e r 'th a n 'th e  noxmial 
group, th e  mean f o r  th e  M ito c h o n d r ia l” ;D^action being  6*g^ (P< 0 *0 5 ) and 
th e  mean f o r  th e  "Microsomal” f r a c t io n  being  8#-0;1 (P< 0*025) ♦
Adonosine Deaminase
The a c t iv i ty  o f  t h i s  ciiî^yme in  noxmal tîîy ro iil ouporïiataïit showed a  
moon value o f 14*2 u n i t s  p e r mg. p ro te in  (Table 31 )•  The a c t iv i ty  o f  
th o  su p ern a tan t o f  th e  th y ro to x ic  g lands showed a  mean value  o f  23*0 u n ite  
p e r  mg. p ro te in ,  which i s  o ig ^ iif lc sn tly  h ig h e r than  th a t  o f th e  nor^’ial 
group (F< 0 .0 5 ) . The mean a c t iv i ty  o f  th e  adenomata i s  in te rm ed ia te  
between th o se  two v a lu es  (Table 32 ) ,  Tîie mean a c t iv i ty  o f tho  th y ro id ­
i t i s  group p e r  mg. p ro tean  i s  more th an  tw elve tim es g re a te r  than  th a t  
o f  th e  normals (P< 0.001) a s  can be seen from tho  d a ta  p rosen ted  in  Table 
33 « Vihon th o  re jsu lts  ero  expressed  p e r  g . wet w elglit, th e  r e l a t i v e
p o s it io n s  o f  those  fo u r  groups o f  th y ro id  t i s s u e  a re  tm a ltc re d f th u s the
TABLE 3 1 .
A ctiv ity  A ctiv ity
per ag*. protein  per v/et weight
M mean 14w2 1292
0
E
m B.B. 9 ,6  748
A
L
B Range 3v5-30v3 540-2410
T
H
t  Mean 23+0 1976
H
0
T 8.D , 11+0 745
0 
X
i  Range 5*8-40*7 870-3165
0
t  2+13 2+35
?  < 0+05 < 0*05
TABLE 31 +
ADMmamE b im in a b e  AOTivm  im 
QümmmmT o f  humae 
T im oiD  a u m
Comparison o f  normal w ith  T iiyrotoxic
i n  S e r ie s  X 
Moan o f  10 Rormal and 20T% rotoxio T issu es \.
'•X
TABLE 3 2 ,
Activity
per m g* protein
Activity
per g *  wet weight
Mean
8.D.
Range
20.8
13 .2
6.2*"43*0
1524
728
413-2700
TABLE 32,
ABBÏÏOSÎRB BEAMIHASB ACTIVITY
m  ADmmmTA of
ï ï m  THYROID GLAHB
Results in  Supernatant of Ten Tiesuee
à
s
H
X
U
0
T
0 P
TABLE 33.
A c tiv ity  A ctiv ity
pDSf mg# pmteim per g# u )t  weight
«
A 
11 
0 
I  
SI 
#
El
g < 0 ,m
Moa» ,. 8 6 ,0  5580
S,B. . 0013
Kango . , 8S ,l«28l,:3  Ig g a .lg g g l
t  . 8.16 . 1,74
Koîî2i 107.0 T m
S ,» , , 2 7 ,8  1931
Itoijge 149.3-S03.9 5640-lOæô
t  . 10,'i 6.8?
< 0 .001 .< 0 .001
'im m  33. 
âSËB&gîKE BKg/ilSmsB nmiVWî M
B m im m m  mf m sm  
m m m m  o iiîs»
S®œslt0 âïi Cases of SrvoIbc®» (5  oasoe) ea& IfersMmoto'e
fiiÿsîoiûi'fcls {4cssea)
w ith  S ta t i f j t io a l  aga iïio t
llo m al Thyroid Supernatant
-141.
th y ro to x ic  g lands have s ig n i f ic a n t ly  more a c t iv i ty  than  th e  normals
(!*<. 0 +05) vd th  the., adenomata in te rm ed ia te  between th e  tvfo, and th e  t î^ ro id »
i t i s  group co n ta in  f a r  more a c t iv i ty  than  th e  normals (P< 0,001) *
Special, co n s id e ra tio n  must be g iven to  th e  ofirolnomatat From Table 
33 i t  w ill  ho seen th a t  th e  mean a c t iv i ty  p er mg* p ro te in  i s  f iv e  tim es 
th a t  o f  th e  norraal supexm tajit (P< 0*05), w hile th e  mean a c t iv i ty  p e r  g* 
wet weight i s  a lso  f iv e  tim es th a t  o f  the  normal althougii th e  varicmce i s  
such as to  prevent t h i s  d if fe re n c e  being  s t a t i s t i c a l l y  s ig n lficm it*  I t  
must be p o in ted  ou t th a t  th e se  mean values a re  d is to r te d  by th e  in c lu s io n  
o f th e  a n a p la s tic  tiiy ro id  carcinom a, th e  a c t iv i ty  of which i s  seven tim es 
th e  Eioaiii o f th e  o th e r  fo u r carcinom ata# # e n  th i s  sm iple i s  removed from 
th e  group, th e  means become 37*5 u n i t s  p er mg* p ro te in  and I 987 u n i t s  p er 
0 * wet weight* The red u c tio n  in  varian ce  brought about by t h i s  s te p  
r a i s e s  th e  v a lu es  o f  ^t* f o r  th e  s t a t i s t i c a l  comparison w ith  the  normal 
tîiy ro id  to  4*12 and 1*88 re sp e c tiv e ly *
P ro te in
Although th e  p ro te in  d e te rm in a tio n s in  th e  v a rio u s  cytoplasm ic f r a c t io n s  
o f  th e se  t i s s u e s  were c a rr ie d  out p r im arily  fo r  th e  p ro v is io n  o f a  param eter 
a g a in s t which changes in  enzyme a c t iv i ty  could be a sse ssed , a n a ly s is  o f 
th e  d a ta  i s  n ecessary  f o r  an understand ing  o f o th e r  a sp ec ts  o f  t h i s  work, 
e s p e c ia lly  f o r  a  t r u e  ap p re c ia tio n  o f th e  m eaningfulncss a t ta c h in g  to  th e  
measurement o f  enzyme a c t iv i ty  p e r  g* wet w o i^ t  and a s  a  percen tage o f 
th e  t o t a l  c y to p la ^ ic  Content*
in  th e  normal th y ro id  g land  (Table 34 ) t i t  appears th a t  th e  cytoplasm  
C ontains about 90/a o f  th e  so lu b le  p ro te in  o f th e  cytoplasm , th e  two
TABLE 34+
Fafotein .mg, p e r  
wet w eight
P ro to ln  
fo T o ta l Oytoplasm
I
Humber
Meaa
S.B.
10
121.6
43.7
52. 4- 166.0
6
91 .1
3 .87
84. 4- 96.1
IO fS
Humber
Ueem
S .» .
6
4 .3
1 .5
2. 6- 7 . I
6
3 * 9
1*5
2*0- 6*0
I
P
Meea
S .» .
llangiS
7
5*8
4*1
1.6*11,6
6
4*9 
2,8  
1 . 8- 9 ,7
ÎABI.B 34'
E s o m s  co m m e of eiKOFLâgîic f m c ï ïo is
TABLE 3 5 .
F ro to in  mg. por 
0 . wet
P ro te in  
iù T o ta l Cytoplasm
I
P
tit
Mean
s .s*
Range
t
23.6
65.0-153,0
1.28
93.2 
3*3 
84 .3 -96 .7  
1 .58
il
g i
y  ■
Mean
S.B .
3.6
1.6 
1.9-7.5
0.99
3.4
1.8
1.6-9.1
0,71
il
¥
Mean
Songe
t
P
3.3
1.4 
1#T-7*1
2.46 
< 0.025
3*2 
1*7 
1.3-6.9 
1.93
'mMÆ 35.
OF »  OYÏOPMSEÏO FJIACÏÎOH
OF ïï ffiKROI» 0W3D8I
S tatle tloa l Comparison Corresponding Fraction 
of Results of fwenty Sarisplea
TABLE 36.
P
Protein a g *  per Protein
g. wet «eight fs  Total Cytoplasm
a  Mean 8 4 .6  89*0
s-i i
i  8.D . 35 .2  1 0 .5
i  Rangs 41. 9- 158.0 62. 5*97 .5
'4
(3 m 5*2 6 .4
p  y  S.D . 4*9 7*3
O «4 
8 ^ Range 1 ,2 -1 7 .6  1 . 1*26.2
1 1
Moaa 3 .8 4+6
I I
2*a 3*8
Rsmge 0 ,e-T #6 I . 3- Ï I .3
TABLE 36.
PROTEIN OOHMT OF THE CXTOPMattC gllAOTIOH 
OP HDÏ.IAH m aOIB APZaiOMATA 
Reaolte of fen Samples
(îîo e lp iifio an t Differences from Normal found)
TABLE 37 0 
F ro teân   ^ î?3?oteiîi
wet v/oight T o ta l Oytoplaem
numbes? 5 4
f | Moaa 57+9 80*2
^  BftBf ' 3*4+9 7+3.
^  Rajîge 42*0+*76*3 70*9*88*1
I  t  3.18 3.15
P < 0.01 < 0.01
a l'îufâbe  ^ 4 4
M #1 Mean 6*4 0*6
®- ^  S .B . 8.9 4,8
g  â  Ronge 3.0-9.6 3.5-13.7
I "  ,  1 .53 2.m
ÿ  -  <0,05
4 4
8.4 11.1
2.2  3.1
6. 0-10,0 8. 4*15.4
1 .1 5  3 .27
< 0 .0 2
à  M Mean
S. * 'im rn SâB*:Q R
M lîemgo
r t
V
PROT331H OOBSme DP oyTOPMaâlG FBAOBIOH8 
OB’ HUlâAH M'KOIP CAîteiHOmTAs
S ta t is t ic & l Cosipariaon w ith  Oorroaponding F ra c tio n  
of Koraal Human Thyroid
I 'ro to ia  mg. p e r  
B*
TABLE 38 
P ro te in
fo T o tal Cytoplasm
n
%
mean
8.D .
Mmge
t
B
4 0 .4
10 .5
2? *0- 50 ,0  
3+55
<: 0 .005
83.2
7+3
72. 8- 90 .0  
2 .24 
<  0.10
ii
Mean
8.D.
R a n #
t
4*6
3 .6
1 .6 -9 .8
0.18
8 .5
3*9
5 , 3- 14 .2
2.61
: 0 .05
| im B
I I
Mem
S»D,
t
4 ,6
3*8
l*4-0»9
0 .5 1
0 .4
3*5 
4 . 7- 13 .0  
3 .16  
< 0.02
'.,u, 38.
mnm of 'hib oïBoms-tic m
Hiiora o m m  w
aAsHa»JO»s f f lg E o iP im
S ta tis tic a l Comparison with Corresponding Fraction 
of Soimal Human Thyroid
Results of Four Samples
p a r t ic u la te  f ra e t io n e  aheqping rem ainder in  th e  r& tio  o f 5*4 lu  favour 
o f th e  '*Mioroeomal** fra c tio n *  In  th e  th y ro to x ic  g land  (Table 35 )> the  
aïftbünt o f so lu b le  p ro te in  p e r  g , wet weight i s  reduced in  a l l  th re e  
f r a c t io n s  compared w ith  th e  normal g land ; furtherm ore* th e  eupernaton t 
in c re a se s  i t s  shore o f  the  t o t a l  cytoplasm ic p ro te in  to  93^ w ith  a  con- 
s e # e n t  red u c tio n  in  th a t  o f th e  p a r t ic u la te  f r a c t io n s ;  in  ad d itio n *  th e  
r a t i o  o f  th e  percen tage o f  th e  cytoplasm ic p ro te in  found in  th e  p a r t ic u la te  
f r a c t io n s  i s  reversed*  so th a t  th e  " M ito c h o n d r ia l f r a c t io n  has more p ro te in  
than  th e  "Microsomal" f r a c t io n  p e r  g . wet weight of tis su e*  Indeed* th e  
most n o tab le  change in  th e  th y ro to x ic  g land compared M th  th e  normal i s  
th e  red u c tio n  in  "Microsomal" p ro te in  p e r g*. wet weight# and i t  i e  th e  only 
one which i s  s t a t i s t i c a l l y  s i # i f i c a n t  (P< 0*025)»
The p ro te in  con ten t o f th e  su p ern a tan t f r a c t io n  o f th y ro id  adenomata 
i s  only tw o -th ird s  o f  th a t  found in  th e  normal gland* The p ro te in  con ten t 
o f th e  "M itochondrial" f r a c t io n  i s  a  l i t t l e  h ig h er than  th a t  o f th e  n o m a l 
g land and th e  p ro te in  content' o f th e  '%1iorosomal" f r a c t io n  considerab ly  
lower* The eupem atan t accounts f o r  o f th e  t o t a l  cytoplasm ic p ro te in  
o f tlïy ro id  adenomata and th e  r a t i o  o f th e  percen tages a t t r ib u ta b le  to  th e  
p a r t ic u la te  fra c tio n s*  as in  th e  th y ro to x ic  gland# favourstho  "M itochondrial" 
f r a c t io n ;  b u t none o f  th ese ' d if fe re n c e s  from norm ality  a re  s t a t i s t i c a l l y  
o i # i f i c ^ n t f  (Table 36)
The carcinom ata Chow a d r a s t i c  red u c tio n  in  th e  p ro te in  con ten t o f  
th e  su p ern a tan t p e r g* wét weight o f t is s u e  to  a  mean value o f 57*9 %»
(Table 37 )» T his i s  only h a l f  th e  mean normal value and th e  d if fe re n c e  
i s  s ig n i f ic a n t  (P < 0*01)# On th e  o th e r  hand, th e  p ro to in  con ten t o f the 
p a r t ic u la te  f r a c t io n s  was 50^ h ig h e r than  in  th e  corresponding f r a c t io n s
V0f  the. normal glands * althouglx the differences wore not
because-of the  sm all numbers invo lved  in  th e  study* Vdien th e  p e rce^ag e -
. . .  \  . .♦''‘ ■i-,. '
'  ■ \  o f th e  t o t a l  oytoplaem io p ro to in  found in  each f r a c t io n  o f  t h e . oarcinom ata '
was c a lc u la te d  from th e  data# th e  d if fe re n c e  in  th e  d is t r ib u t io n  from
th a t  opeixating' i n  th e  normal g land  i s  g re a tly  enhcmcod# Thdf th e  porcen'»
tags o f  the cytoplasmic p ro te in  found in  the supernatant of thy% id
carcinom ata i e  only 8 0 .^^  (P<: 0 ,01 ) w hile th a t  o f th e  "M itocîibndrial"
f r a c t io n  i s  s ig n i f ic a n t ly  in c re a se d  to  0*^4 ( p < 0 . 05) sxià th a t  ofi
"Microsomal" f r a c t io n  to  11,%^ (P<^0,02); i t  should be n o te d '’that••’ th e  r a t i o
o f th e  .p ro te in  in  th e  two p a r t ic u la te  f ra o tic n c  of th e  oarcincm ata i s
approxim ately th e  eeuiie as th a t  in  th e  normal th y ro id  tis su e*
% e th y r o id i t i s  group ie  in te r e s t in g  in  ohov/ing (Table 38 ) on even
g re a te r  red u c tio n  in  th e  su p ern a tan t con ten t o f so lu b le  p ro te in  to  40* z| mg*
p e r 0* wot weight* a  value which i s  s ig n i f ic a n t ly  d if fe re n t  from th a t  o f
th e  normal g land  (P < 0*005) * On th e  e th e r  hand# th e re  i s  no in c re a se  in
th e  mean p ro te in  con ten t o f  th e  p a r tic u la te , f r a c t io n s  which show l i t t l e
d iffe re n c e  from th e  mean, v a lu es found in  th e  normal glmid* H ovortheloss
th e  d is t r ib u t io n  o f p ro te in  i n  th e se  f r a c t io n s  i s  jCncroased percen tage-w ise
because o f  th e  lo?; su p ern a tan t content# so th a t  in  ad d itio n  to  th e  l a t t e r
f r a c t io n  co n ta in in g  a  lower .percentage o f th e  t o t a l  .cytoplasm ic p ro te in
than  th e  n o m a l g land (p< 0*1? no t s ig n if ic a n t)  th e  percen tage o f the
oytoplasffiiG p ro te in  found in  th e  "M itochondrial" f r a c t io n  i s  s ig n i f ic a n t ly
h ig h e r than  th a t  o f Ü10 corresponding f ra c t io n  o f th e  nom al g land ( l<  0*05)»
and th e  e le v a tio n  in  th e  percen tage o f p ro te in  found in  th e  "Microsomal"
f r a c t io n  above th a t  o f i t s  nomial co u n te rp art i s  y e t  more s ig filficcu it
(P< 0*02).
The purpose o f th e  doBoribed under t h i s  s e c tio n  was to  d iscover
whether in  th e  human tlîy ro id  gland# th e  d iffe re n c e s  in  th e  a c t iv i ty  o f  
v a rio u s  enzymes d e tec ted  when th e  a c t iv i ty  was measured p e r mg* o f  p ro te in  
and p e r  g* o f wet weigîit was a  t ru e  r e f le c t io n  o f th e  a c t iv i ty  p e r  c e l l .  
For t h i s  reason# DHA-phcsphorus was chosen as  th e  param eter o f c e l lu l a r i ty  
o f  th e  f i f t e e n  specimens mialysed* These were r e s t r i c t e d  to  th re e  types 
o f t i s s u e  -  normal thyrb idy  th y ro id  adenomata# and th y ro to x ic  tiiy ro id  
t i s s u o - f o r  reasons th a t  w ill  he d iscussed  la te r#  th e  enzyme a c t iv i ty  o f  
th e  sup ern a tan t heing  measured w ith  re fe ren ce  to  th re e  param eters: so lu b le
p ro te in  con ten t o f  supom atant#  wet w e i ^ t  o f tis su e #  and DBA-P con ten t 
o f  th e  whole honiogenate from which th e  supem atim t was prepared#
In  comparing th e  normal tiiy ro id  t is s u e s  w ith those removed from 
tlnyrotoxic sub jects#  th e  two ribonuo loases and # A ase  I  can be considered  
together*  The f i r s t  fe a tu re  o f n o te  i s  th a t  in  both  groups# th e  a c t iv i ty  
o f a l l  th ree  en^rmes whether expressed  p er mg* p ro te in  o r p e r g# wet 
w eight i s  g re a te r  then  th a t  found fo r  th e  su p ern a tan t f r a c t io n  o f  th e  same 
group in  S oriee  X* Tims# th e  mean a c t iv i ty  o f  ulk# OTAase p e r mg# p ro te in  
i s  0*054 u n i t s  in  th e  n o rm l and 0*061 u n i ts  in  th e  tliy ro to x io  groups 
re sp e c tiv e ly  (Table 39 )# v a lu es  which a re  30-35?^ above th e  corresponding 
v a lu es  f o r  th e se  groups in  th e  f i r s t  se rie s?  the  meon a c t iv i ty  o f  a c id  
WA(%b0 p e r mg. p ro te in  i s  0*042 u n i t s  in  the  noiiaal and 0*056 u n i ts  in  
th e  th y ro to x ic  groups re sp e c tiv o ly  (Table 40 ) ,  th e se  v alues being  
25- 3#^ above those found f o r  th e se  groups in  S e rie s  I ;  th e  a c t iv i ty  o f 
DBAase I  p e r  mg. p ro te in  in  th e  normal group i s  0*94 (Table 41 ) which
TABLE 39,
A ctiv ity  A ctiv ity  A c tiv ity
per mg> protein  per g . v/et weight per mg* MA-P
M Mean 0*054 6*13 27*4
0
B
H B*B* 0*022 2*60 8 ,9
A
L
S Range 0*029-*082 3*48-9*80 11*6-35*0
H Mean 0*06l 6*66 22*4
Y
B
0 S*B* 0 .008 2*35 8*7
T
0
X Bongs 0*053-*075 5*35-10*61 17*7-37*9
1 
Q
t  0 *69 0*33 1*13
TABLE 39*
ALÏCALÎHE BIBOmOLEASB ACTIVITY BÏ
SIBTOIATMIT OF limm 
t m m i l )  GLAIB
Comparison o f Borsial with Tiiyrotoscic
in  S eries XI -  F ive Gases o f  Each
TABLE 40 ,
A c t i v i t y  A c t i v i t y  A c t i v i t y
p e r  m g. p r o t e i n  p e r  g* w e t  w e i ^ t  p e r  mg* B M -P
ÎÎ
Ô
H
M
A
L
S
f
H
Y
U
0
f
0
X
I
Q
B
Mean
8.D.
Range
Mean
S*B*
Range
0,042
0*013
0*02T-*058
0,056 
0,013 
0 , 039-*076
1*56
4+77 
1*57
3*38—6*85
6*23
2*99
4 *10- 10*82
1*08
21*6
6*9
11*4- 24*7
21*0
10*9
12*4- 38*6
0,11
TABLE 40.
AOIB RIBQHUCLEASK A0TJ.U1TI IR 
siiP E im M T  OF mmm 
TilYROlB OLMP
C om p a r iso n  o f  H om ia i w i t h  T h y r o t o x ic
i n  S e r i e s  I I  -  F i v e  C a se s  o f  E ach
TABLE 41+
A c tiv ity A c tiv ity A c tiv ity
p er mg# p ro te in  per g% wet weight p er mg# MA-P
N
0
H
M
A
L
S
T
H
Y
ïl
0
T
0
X
I
G
B
Mean
S.B*
Range
Mean
S.B.
Range
0 .9 4  
0 .48  
0 . 52- 1*53
1.21 
0.81 
0 . 54- 2 .14
0 *63
106
51.8
70-180
128
8O.4
50-220
0 .5 1
494
259
200-322
423
266
169-737
Û.42
TABLE 41.
jPEOXÏBIBOOTcmSE I  AOTIVlTy IH 
8BPEBHATAMT Qg IMÆAM
Ttfyxîo:ta glabp
C oB p axdso îi o f  n o rm a l w i t h  T h y r o t o x ic
i n  S e r i e s  I I  -  F i v e  O a se s  o f  B ach
TABLE 42,
A c t i v i t y  A c t i v i t y  A c t i v i t y
p e r  îiîg . p r o t e i n  p e r  g* w e t w e ig h t  p e r  mg# BWA-P
li
0
H
M
A
S
T
n
Y
E
0
T
0
X
I
0
8
Mean
8.D*
Range
Mean
8.1).
RangB
t
?
22.4
6 .7
16.1-30.6
44.3
11.8
30 ,6 -57 .1
3 .5?
< 0,01
2520
479
1920-3060
4702
992
3582-5820
4 .38  
< 0,005
11865 
4483
6857-20136
15654
3606
10855-20421
1 .35
TABLE 42.
jOBOXTOIBOrUCLBASE I I  ACTIVITY IH 
StlFERMAMT OP m m  
THYROID GLiflTP
C o m p a r iso n  o f  lorm aX  w i t h  T h y r o t o x ic
i n  S e r i e s  I I  -  F i v e  G a se s  o f  E a ch
I 4 5 é
l à  30/5 h ig h e r then  th e  vaXuo f o r  th e  normal group ' in  th e
f i r s t  se rie s#  w hile th e  value in  th e  toicio group i s  1*21, comparod w ith
th é  corresponding; Value o f  0*?6 lu i l ts  found f o r  th e  to x ic  group o f S e rie s  I*
The' o levaiioB  o f a c t iv i ty  found in  th e  su p ern a tan ts  o f  th e  p resen t s e r ie s
i s  oven g re a te r  when expressed  p e r  g* wet weiglut# th e  moan ulk# # A ase
a c tiv it ie s  for the two groupa being higher# the mean acid M iA m o\
a c t iv it ie s  3Oi405 higher# and the mean .WAase I a c t iv it ie s  being 65-70/5
h i^ e r  thm the corresponding values fCimd in the f ir s t  series* - I t  w ill
\\
bo raeaXled (Table 10 ) that the only difference betwoon the normal and 
toxic groups in  Series I fotuicl to  be s ta t is t ic a lly  significant #ith  respect 
to those three onj^ios was the activ ity  of acid #Asse* Although in  
Sériés II with i t s  smaller nimbors those differences oro not oigk^lfleant, 
the Value of *t* for the ooMiparison of acid H0Aa.se activ ity  in the aozmal' 
mid thyrotoxic tissu es i s  1,56 when the activ ity  i s  measured per mgv 
protein and 1,08 when measured per g* wet weight; and these values are 
much higher than those caloulated for alk* HMaso mid DNAase I ,
%%wn the ensyme a c t iv it ie s  arc measured relative to the #A-P content 
of the tissues# any superiority in  enzyme content held by the tliyrotoxic 
tissue over the no:fcma3. gland i s  lo s t;  indeed# the, alk, HMasç activ ity  
of the normal i s  20-25^5 higher thmi that of the thyrotoxic when so measured 
('t^î=»l,13) and i t  i s  argtmblo whether in a large series th is  difference 
might attain otat4sticaX si# iflq an ce*
I t  Is  surprising that i n  th is  small ser ies, the differences between 
norroal and tl^yrotoxio tissu es with respect to DNAase II  and adenosine 
deaminase which were foimd to be s ta t is t ic a lly  significant in the previous 
series are also sign ificant again , • : . . „ Thus# although the
TABLE 43.
A c tiv ity  A ctiv ity  A c tiv ity
per mg* p rotein  per g* wet weight per mg* BM-F
m
0
H
M
A
L
S
T
ii
Y
E
0
T
0
X
I
G
Mean
b#.
Moan
8*D.
Range
t
F
15 .6  
4 .5
11. 6- 25 .4
25.1
7 .7
12. 7- 3 3 .6
2.36 
< 0 .05
1736
475
1380-2540
2617
495
1802-3090
2.83
: 0 .025
8233
3536
4600-12390
8662
1673
6438-10475
0 .2 4
TABLE 43,
ABEHOSPIB DEMaBLlSE ACTIVITY IH 
sroEamTABT OF Htaaw 
THÏH01D G U ro •
Comparison of Horaial with Thyrotoxic
in Series II - Five Cases of Eadi
1 4 6 .
mesa ao tiy lties  c\n measurod per mg® protehi and par g> wet v/eight aro 
iîicreapQd in  the normal group by about ono-third compared with the , corres­
ponding values fouM in  Merles Î ,  the mean ao tiv itioe per protein and 
per g> wet weight in  the thyrotOKlo groiip of Series I I  are double tho 
oorrosponding values found in  Series 1# and these higher means are assoc­
iated with much the biwm degree of vm?;Umce as was found to apply to the 
data of Series I# Oonsequcntly the difference between normal and tiiyro- 
toisdo with respect to WAaae XI activ ity  per mg, protein is  Gignlficant 
a,t the level in the paresent series# while the difference be tween these 
two tissues with respect to  BNAaso XX activ ity  per g* wet weight io 
signifiCësit a t the 0*5^ 5 level (Table 42 )i^  On the other hmid# when the 
enzyme activ ity  is  measured per mg* of IIIA-F# the cUffoareoco between normal 
end tîiyrotosîîiG tissue is  mot sigm ficm t* None the less, the mean activ ity  
of the la t te r  whom so eajpressed is  5%^  higher than that of the former, and 
the value of is  1*35; th is  is  the highest value of ’t* found for the 
ccmparlsom between normal and tlu/rotoxio of the activ ity  of any emsyme per
mg. m - F *
s p e c if ic
; /  V . activ ity  of adomosino deaminase in the supernatant of the 
nomial and thyrotoXio tissues of Series I I  is  in good agreeiunent with the 
values found for these groups in Beries X* Ouriously# the variance is  
Very much loss in  the present series, so that the difference between noisaal 
end thyrotoxic groupa is  aignifioant (P< 0 *0 5 )* V&om the Results are 
moaaured per g. wot weight of tissue, the mean values aro 30/^  higher than 
those found for the correspondiiig groups of Series I# and onoo again the 
mrianco is  reduced; thus the differences between nomal and thyrotoxic 
grox^ps is  now significant a t the 0*25^ level* However, measured against
4 Î  *
th e re  %b very l i t t l e  d if fe re n c e  between th e  adenosine deaminase 
a c t iv i ty  o f  th e  two gipoupe, and i t  seems u n lik e ly  th a t  a  s ig n if ic a n t  
d if fé re n c e  could  bo e s ta b lis h e d  by extending  th e  p re se n t work#(Table 43)
The difforGXices in  th e  mean enzyme a c t i v i t i e s  found in  th e  adenomata 
o f  B erios I I  (T ables44-5) from those  o f th e  f i r s t  s e r ie s  a re  very  variab le#
A s t r ik in g  in c re ase  in  alk# i s  apparent (Table 44 ) ,  th e  a c t iv i ty
p e r  mg* p ro te in  being  in c reased  by 40/  ^ and p e r g* wot weight by more than  
100^ o f th e  v a lu es found f o r  t h i s  group in  B eries X* The in c re ase  in  
a c id  R0i\ase i s  n o t so drm m tic# th e  mean v a lu es f o r  B erios I I  be ing  155^  
h ig lier than  in  S e r ie s  1 when measured per mg* p ro te in , and 50/^ h ig h e r when 
measured p er g# wet weight# With DNAase I ,  th e  moan a c t iv i ty  %)er mg# 
p ro te in  i s  a c tu a l ly  lower than  th a t  found fo r  th e  adenomata of B erios I ,  
though th e  a c t iv i ty  p e r  g* wet weight i s  50/S higher* The moan a c t iv i ty  
o f 3)IAase I I  i s  20/  ^ lower p e r mg# p ro te in  and 10]  ^ h i^ i e r  p a r g* wet w o i^ it 
th an  th e  corresponding moons f o r  th e  adenomata o f S e r ie s  I ;  w hile th e  
a c t iv i ty  o f adenosine deaminase shows a  red u c tio n  o f 30^ p er mg# p ro te in  
and lOfo p e r  0 # wet weight compared w ith  th e  mean v a lu es f o r  th e  p rev ious 
S é r ie s #
I t  would be unwise to  make too  much o f th e se  dlffex/ences in  m a te r ia l 
so obviously heterogeneous and a s so c ia te d  w ith such wide v arian ce  a s  th y ro id  
adenomata appear to  be, and i t  rem ains to  p o in t out th a t  r e la t iv e  to  the 
o th e r  two t i s s u e s  o f  t h i s  se rie s#  th e  adenomata ore r ic h e s t  in  alk* M Aase, 
in te m o d ia te  in  a c id  îîNAaso and DNAase I ,  and p o o rest in  DNAase I I  and 
adenosine doaminaso a s  assessed  p e r  mg# p ro te in  and per g* wet weight #
Then the  a c t i v i t i e s  a re  hov/evei? assessed  r e la t iv e  to  th e  DNA-? con ten t of 
th e  tis su e#  the  p ic tu re  changes; f o r  th e  adenomata a re  very much r ic h e r
TABLE 44%
I  ri
M
Activity Activity Activity
pe» Big. pEotoin pes g« «et weight per mg. BîîA-P
merni 0 .076 7 .49  45 ,2
isig  8.D. ■ 0 ,052 4 .62  24.7
0 .030-0,142 ‘ 4,00-15,30 21,2-100.0
% Mean , O.05I  . , . 5.27 31,6
Q iS
S P  S.B. 0 ,034 , 3 .69 25.0
■“' â
8  Range 0 . 020- 0,094 . 2. 50- 11.70 16. 3- 76,5
TABLE 44. '
AQTIYITY Og RIEQHOCLIpAOES 
W SDL’EMATMT OP TO M  ITOROÎD QL#D
R ésu lté  o f  F ive  Thyroid Adenomata 
in  S e r ie s  I I
TABLE 45'
A ctiv ity  A ctiv ity  A ctiv ity
per ms* protein  por g* wet weight per tag* DNA-P
H
0
8.D,
Raags
0 ,82
0.36
0 ,1 8 -1 ,0 4
126
59
10-160
542
282
67-777
H IM
I
Mean
8.B ,
21,5
11,0
13*8- 40*4
2152
567
iiaÔ -2670
12311
3975
7866-17450
B i
s i
ii
Mean
S. 35,
14,2
7 .9
0,6-26,1
1366
387
1050-2010
7928
3100
TAHEJS 45'
AOTIFOT OB’ ®SOXÏKÏBOHÜOiC,BASES AÎ5B
BBiOSIHE
IB SUK»A5MS? OF lîOMiW 'ggBQID S M B
S e m ite  o f  F iv e  Thyroid Adenomata 
in  S e r ie s  I I
148*
i n  both  ribom oloaB es than  the o th e r  two and v/ith th e  th re e
rem aining enzymes» th e  a c t iv i ty  io  o f  th e  same o rd e r ao th a t  o f  the  normal 
and tîiy ro to x io  tiaemeo# , Indee# , th e  d iffe re n c e  between th e  alk* HBAaee 
a c t iv i ty  p er tag* o f th e  normal and adenoma groups io  s t a t i s t i c a l l y
s ig n if ic a n t  F <0*05) and i t  i s ,  th e  only re sp e c t in  which the
adenomata d if fe re d  s ig n i f ic a n t ly  from th e  normale in  t h i s  Bories*
. 1 4 9 .
R ibom oleaaôs
The mean a c t iv i ty  of Aik. BMàaeo i s  0 *0^0 im ito  p e r  mg. p ro te in  in  
th e  n o m a l b reast#  0.037 unit©  in  th e  fibroadenom ata, O.O4I  unit©  in  th e  
c y s t ic  m astopathy group# and 0 .0^6  unit©  in  th e  carcinom ata (Table© 46 
and 47 ) • The carcinom ata th u s  ©how a  mean value which i s  s ig n if ic n n t ly  
h i # e r  than th e  normal© (F< 0 *02) and th e  mastopathy group ( P < 0 . 05)«
When th e  resu lt©  a re  expressed  p er g* wet weight » th e  same o rd e r p rev a ils#  
except in  ©0 f a r  a s  th e  fibroadenom ata d isp lace  th e  m astopathy group a© 
th e  second most a c tiv e  t i s s u e  o f th e  four* Furthem ore# th e  carcinomata# 
w ith  a  mean a c t iv i ty  o f 2*27 u n i t s  p e r g . wet weight# aire s ig n if ic a s i tly  
h ig h e r than  th e  normals and th e  mastopathy group# th e  le v e l  o f s ig n if ic a n c e  
being  a© high a© O.g/6 w ith re sp e c t to  both (Table© 46 # 47 tuxd 52 ) .
The a c t iv i ty  o f  a c id  BMAase in  th ese  fo u r groups o f b re a s t  tiSBUe 
©hows some in te r e s t in g  divergence from th e  p a t te rn  p re v a ilin g  w ith  th e  
alk* MAase* The most n o ta b le  fea tu re#  a p a rt from th e  f a c t  th a t  the  
©nz^ie a c t iv i ty  i s  low er tluùi th a t  o f th e  alk* BNAase in  a l l  t i s s u e s ,  i s  
th a t  th e  drop in  a c t iv i ty  i s  most d r a s t ic  in  th e  mastopatliy group, ©b th a t  
th e  a c t iv i ty  o f  t h i s  group which ©hows ii m m  o f 0*013 u n i ts  p e r mg* p ro te in , 
i© lower than  th a t  o f th e  normals# o f which th e  mean a c t iv i ty  p e r mg* 
p ro te in  i s  0*010 u n i ts  p e r mg* p ro te in#  The fib ro ad en o aa ta  co n ta in  act** 
iv i t y  a  l i t t l e  h ig h e r  th an  th a t  o f  normal b re a s t  (mean 0*021 u n i t s  p e r  mg# 
p ro te in )  w hile th a t  o f  th e  carcinom ata i s  a© h igh  a s  0*064 unit©  p e r  mg* 
p ro te in#  a r e s u l t  which i s  s ig n i f ic a n t ly  h i # e r  than  th a t  o f both  the
normal and m astopatly  group a t  th e  Ifa level*  The mean a c t i v i t i e s  p e r g*
TABLE 46.
AI.KAL3HB H I B O Î Î Ü C L E A S B A C I »  HIBOHÜCLEASB
A ctivity A ctivity A ctivity A ctivity
per lag. protein per g. wet weight per mg.protein per g. wet w ei^ t
ÎÎ
0 Mean 0.028 0.59 0.018 O.36
K
II S.B. 0.020 0 .4 2  0.010 0.22
A
L Ronge O.OO6-O.O5I 0.16-1.05 0.004-0.02? 0.10-0.65
8
S
A
a  Mean O.096 2.2? O.O64 I .44
0
1 S.B. 0.046  0 .85  0.028 0.41
a
0 Range O.O6O-O.I64 1.20-3.25 0.026-0.089 0.98-2.10
M
A
® t  2.96  3*92 3.42  4.86
P < 0 .02  < 0 .005 < 0.01 < 0.005
TABLE 46.
AIKALIHB MÎD ACID SÏB0BÜGLI-1ASE ACTIVITIES
OF IM M  BREAST BÏÏPMATANT
Comparison o f Normal, w ith  Carcinomas 
F ive Gases o f  Bach
TABLE 4 7 *
ALKALIME HIBOOTGLE.ASE AGI» lîIBOMCLSASB
A c tiv ity  A c tiv ity  A c tiv ity  A c tiv ity
p e r  n ig .p ro te in  p e r g .ï /e t  v/eight p e r  tag .p ro te ln  p e r  g . vret weight
Mean 0.03T 0.74 0.021 0,44
8.D. 0.016 0,44 0,009  0,31
Range O.OI7-O.O5O 0.20-1,37 , 0.014-0,351 0.17-0*97
Mean 0,041 O.63  0 .GI3 0.37
s.D. 0.019  0.33  0.007 0 .35
Range 0,027-0.072 0.33-1.12 0.006-0.024 0,14-0 .96
TABLE 47
ALMLIME ARB AGID BXBOBOCLEASE ACTIVITIES 
OF IÏDMAW BREAST SUPEMrAl'AMT
R e su lts  f o r  F ive Fibroadenoaiaa and 
F iv e Gases o f C y stic  M astopathy
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wet ot th e  co n ten t o f a o rm l b roao tf fihroadenomata-#
and mastopathy gnonpe# ax*o mà naage from 0*37 to  0*44 m l t a ;  '
th e  a c t iv i ty  p e r g# wet weight- o f  th e  caroiiwm ata gave a  mem% o f 1,44 
u n ite  wMoh i s  a ig n i f l c m t ly  h ig h e r than  th a t  o f th e  o th e r  groupe (F<0#005)
îh é  MAmo I  con ten t o f th e se  t le o a e s  çhowa no e ig n iflc^m t d iffe re n c e s  
between any o f th e  groupe w hether ewpreesed p e r ag* p ro te in  o r  p e r g* 
wet w e i^ jt (ü^ablee 48 and 49 )* f^urioualy# the  mastopathy group 
appears to  be r ic h e r  in  t h i s  enzyme th an  th e  o th e r  th re e  groups ^  th e  mean 
v alues being 3*98 u n i ts  p e r  mg* p ro te in  and 58 u n i ts  p e r g« wet w eight, 
w hile t h e . fibroadenom ata a re  th e  p o o rest o f th e  fo u r  wl#% mean a c t iv i t i e s  
o f 1*47 u n i t s  p e r  mg* p ro te in  and u n i ts  per g* m% weight#
In  a l l  fo u r  t i s s u e s ,  th e  co n ten t o f BMasc I I  i s  very muW% h ig h er 
than  th a t  o f  P iâase  I ,  th e  In c rease  v o t i n g  from fo u r# fq id  in  th e  noraials 
to  alm ost tw enty^fo id  in  th e  carcinomata* t i s s u e s  are. th u s  arranged
in  ascending o rd e r o f  a c t iv i ty  (^ab lee  48 and 49 ) i  norm als, 8*2 u n ite  
p e r  mg# p ro te in  and 17^ n n i ts  p e r g , wot w ei^it$  fibroacienomata, 9*4 u n i ts  
p e r mg# p ro te in  and 187 u n i t s  p e r $* wet weight? c y s t ic  m astopathy (group* 
23*6 u n i ts  p e r mg. p ro te in  end 37® u n i t s  p er g* wot WGi#it ; oaro'lnomata* 
39*3 u n i ts  p e r mg# p ro te in  and 1075 u n i ts  p er g# wet weight# th e  d if fe r#
once bctweon th e  mastopatliy group- and the  n o m a ls  la  s ig n if io a n t when th e  
r e s u l t s  a re  expressed  p er mg# p ro te in  (P< 0#.0X) bu t j u s t  misa being 
s ig n ific an t 'w h e n  th e  a c t iv i ty  i s  e% rassed  p e r  g* wet weight (P< 0*1)# 
R e la tiv e  to  i t s  \iret w ei^it*  th e  carcinoma group i s  s ig n i f ic a n t ly  h ig h er 
than  the  ïioxtoXs {F< 0*01) and th e  m astopathy group (P< 0*05)* b u t r e la t iv e
TABLE 4Ü
SEOXYRÏBOMCLEîàSE I BEOXYHÎBGWGmSE I I
A ctivity A ctivity A ctivity A ctivity
p e r m g*protein p e r g* wet weight p e r  mg. p ro te in  p e r  g . wet vjeight
0
i?
Mean 2 .20 47*8 8 .2 176
At
m 8 .D. 0 .9 1 21.1 5 .7 113
A
L Range 1*17-3*33 2 9 .8 -79 .6 3 .1 -1 6 .9 60-322
S
0
A
11 Moan 2.30 56.8 39.3 1075
b
I
%
8.B . 1*53 39.7 22 .6 559
0 Range 0.80-4*55 18-115 1 0 .0 -6 7 .6 110-1520
4-îi
A
S t 0 .44 2 .95 3 .50
P ' < 0 .0 2 < 0 .01
TABLE 4g.
PEomîBOMUCLEASEB I  M T i II  ACTIVITIES 
OF HliîM BREAST SOPMATAHT
Comparison of Formal with Carcinoma: 
Five Oases of Eahh
TABLE 49
BE03KHIBOHUCLEASE I BEOmiBOBtîCLBASE I I
A ctivity A ctivity A ctivity A ctivity
per aig.protsln per g . wet weight per mg.psoteiïi per g> wet weight
Mean 1*47
S.B. 8 .10
Range 0.20-4*80
26.2
42.7
2.1-100.0
9 4
9 ,6
3. 0- 24.7
18?
176
33-550
Mean 3.98
S.B. 2*03
Range 1.63-6*45
58
&
P
1»77
30-90
0 ,6 8
23*6
7*3
14, 4- 34.2
3*70
0*01
372
183
214-630
2.25
0*1
TABLE 49.
BEOXyaiBOroOLBASE I  ASP II  ACTIVITIES 
OF im m  BRiSAST sm?MATART
Results fo r Five Fihroaioaomaa and 
Five Oases of Cystic Mastopathy: 
S ta tis tic a l Evaluation Refers to Comparison Between 
Formais and Cystic Mastopathy
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%o I t e  p ro to in  oun tqn t, s lg n lfio o n c e  a tta c h e s  only to  th e  d if fe re n c e  in  
a c t iv i ty  from th a t  o f th e  form er ^ o u p  (P< 0 *02} •
Adenoslno Deamlx^ase
As w ith DHAae© I I ,  th e  a c t iv i ty  o f adenosine deamlnaGS in  th e  super# 
n a to n t perm its th e  t i s s u e s  to  be arranged  In  ascending o rd er o f  a c t iv i ty  
w hether measured p e r mg# p ro te in  o r p e r  g# wet weights norm al, f ib re #  
adenomata, m astopathy group, and f i n a l l y  carcinom ata (T ables 50 and 51 )♦ 
C onsidering f i r s t  o f  a l l  th e  r e s u l t s  a s  erp resoed  p e r  mg# p ro te in , th e  
mean f o r  th e  mastopathy group o f 39 #4 u n i ts  i s  more than  double th e  mean 
fo r  th e  norraals o f  17*9 u n i t s  (P< 0*05), w hile th e  moan o f th e  fibroadenom ata 
i s  in te rm ed ia te  between th e se  two v a lu es  and no t s ig n i f ic a n t ly  d i f f e r e n t  
from e i th e r ;  th e  carcinom ata have tw ice th e  a c t iv i ty  o f  th e  mastopatî>y 
group (P< 0 *01) mid a re  s ig n i f ic a n t ly  d i f f e r e n t  from th e  normals a t  the  
0*1/9 le v e l  * indeed  t h i s  i s  th e  moat s t r ik in g  d if fe re n c e  between norm als 
fuid Cancers o f  a l l  th e  enzymes o f b re a s t  t i s s u e  s tu d ied  in  th e  p resen t 
work* # e n  th e  r e s u l t s  a re  measured w ith  re fe ren co  to  th e  wot w e i^ it o f 
th e  t i s s u e i  th e  carcinom ata a re  s t i l l  vezy much more a c tiv e  than  th e  
m astopathy group (P< 0*025) and th e  normals 0*005) j bu t th e  d if fe re n c e s  
between the  o th e r  th re e  t i s s u e s  a re  dim inished and th e  range o f spread  
reduced so t h a t ,  although th e  r e la t iv e  o rd er i s  s t i l l  th e  same, th e  maoto# 
pati^y group has only One mü, a  h a l f  tim es th é  a c t iv i ty  o f th e  normal group 
and t h i s  d if fe re n c e  i s  no t s ig n if ic a n t*
P a r t ic le  F ra c tio n s
As was in d ic a te d  in  th e  s e c tio n  on "T W eria ls  and M ethods", g re a t
TABLE 50.
A c tiv ity  A o tiv îty
pas; psotetov paï? g* \m t w eight
TABLE 50,
» s œ s  aaiîiffiHtosE actï
0 Hefflsi 1 7 , 9
M
K S .» . 6*3 151
A
& Range
(%
A
E
0
I
¥
A
B
74*3
a*B*. 9*4
Bmugù 67*3*B3#7
t  10*08 3*94
F  <  0 * 0 0 1  <
û f  m m  BimoT memmATm?
OoBpariBon of MomBl ü itîi Oaroinoimi 
f iv e  GasQ# o f  la c h
51.
TABLE 51^
â o t iv i iy
p e r  sïg> pm teim
A ctiv ity
per g* wet
m
i
8.D.
Raoge
25 .5
14»8
5.9*47.1
505
297
65*800
l l
Mean
S.»,
39 .4
1 9 .0
24, 2*66.3
642
417
300-1280
*
P
2.39 
< 0.
1.16
ABMoaaB pRM iASB M vrnin  
OP ITOMAS BBSASg SU'gEBtlAMT
S eeu lte  f w  F ive Plteoactenaass and 
Wiv0 Oases o f  O yatio  îïaatopatîjy i 
S t a t i s t i c a l  S valm tio&  H ofera to  Cojnpsrisoa Between 
lîoïBsala and O yetio M astopathy
TABLE 5'--
îfeœi of Cystio M e m  of & %
Mastopathy Series Garoinoma Series
Aik. iffiAse/mg.Protein 
Aik. ®Ase/g. wet
0*041
0 .63
0.096
2.27
2 .46  < 0 .05
3.94 < 0 .005
Aoiâ EHAee/ras.Pi'otein 
Acid BSAse/g. wet sTt.
0.013
0.37
0.064
1 .44
3.79 < 0.01
4 .2 9  < 0.005
JfflAse l/mg.PEotein 
BMss l/g . wet wt..
3.98
58
2*30
56.8
1 .46
BlAsQ ïî/m g.Psotein 
RBAae I l/g . wet wt.
23 .6
372
39.3
1075
1 .4 6  —
g.64  < 0*05
A. B./ng.Proteto 
A.B./g. wet tA,
35.4
642
74.3
2011
3*61 < 0 .01
2.81 < 0*025
ÏABÎ® 52
mZYMB ACTIVITIES D) SDPEEHATANl' OF
iMj)) BEBâST
S t a t i s t i c ^  Gomp&rlGOB o f  lle su lts  In 
Qm^ oimma Berios (SGeseo) 
w ith  th o se  in  
O yatio M astopathy B eries  {5 Oases)
d i f f i c u l ty  was encountered in  p rep arin g  partiouX atO ',frac tions from human 
b re a s t  tiseu e*  A part from  th e  toehnlç^ü d i f f i c u l t i e s ,  th e  im praeelon 
was firm ly  derived  th a t  t h i s  t i s s u e  i$  poorly  endowed- w ith  BubGoIlular 
pm 'tid les#  Tims, even when i t  was p o ss ib le  to  SKolude -a ll teo lm loa l 
f a c to r s  m i l i ta t in g  a g a in s t th e  q u a n t i ta t iv e  c o l le c t io n  o f th e se  f r a c t io n s  
from th e  whole hoBiogenate, th e  y ie ld  was very .sm all-,-.particu larly  in  th e  
non«*»mali0nfmt #roup, and e # e c i a l i y  was t h i s  so w ith  re sp eo t to, th e  
"Miorospraal" f  m o t Ion# - Indeed^ in , moat gasps, th e  c l a r i t y  o f th e  f lu id  
expressed  th r o u #  m uslin  and spun a t  gOOg fo r  10 wAm was such as  to  b e l ie  
th e  p o s s ib i l i ty  Of su b o e llu le% .p a rtio le s  being  suspended in  i t ;  experience 
w ith  many ty p es of t i s s u e  in  th e  course o f se v e ra l y e a rs  has enabled  ,the 
in v e s t ig a to r  to  p re d ic t i n  a  q u a l i ta t iv e  manner th e  likoXy y ie ld  o f 
p a r t iç le ê  in  a  n u c le a r - f re e  p re p a ra tio n  o f cytoplasm b y ■exm nination o f th e  
o p ac ity  o f  th e  f lu id *
$u<A r e s u l t s  a s  were .obtained from p re p a ra tio n s  th a t  could be r e l i e d  
upon a re  p resen ted  in  Tables 53 and 54 # Binoe le s s  m a te r ia l i s  
req u ired  fo r  e s tim a tio n  o f r ib o n ttc lea ses , th ese  assays wore, u su a lly  p re­
f e r r e d  where th e  amount o f m a te r ia l a v a ila b le  d id  no t peraiit th e  e s tim a tio n  
o f  .a ll fo u r  nucleases#  . The non#malignant t i s s u e s  have been grouped 
to g e th e r  in  th ese  ta b le s  f o r  th e  purpose o f s t a t i s t i c a l  trea tm en t, vihlch 
in  any case i s  only p o ss ib le  w ith  th e  a c t iv i ty  o f rlbonuoXeaseo In  the  
% i to c h o n # ia l" fra c tio n #  I t  i s  noteworthy th a t  from 3 out o f 5 oaroln# 
omata, pj,:o?ticulate f ra c t io n s  could be prepared , w hile from the  15 non# 
m alignant t i s s u e  amaples, only  5 "M itochondrial" f ra c t io n s  and only 2 
"Microsomal" f r a c t io n s  could be prepared ; one o f th e  l a t t e r  d id  no t
s a t i s f y  th e  iR vestigatoR  th a t  th e  y ie ld  o f  i»a» tio les o o lleo ta d  rep rese n ted
} > uEnsynie A c t iv i t ie s  p e r mg. P ro te in
Alls* RIAse Acid MAbq p m se  I mAse I I
Mean 0 * 0 2 6 0.010 3 .5 1 8*8
é |
S*3),
lïo* o f 
Oasea
0*018
5
0 .0 0 9
5 1 1
Mean 0 * 1 4 2 0 .0 6 7 6 .1 9 2 4 * 7 7
8 8.&» 0 * 1 5 9 0 * 0 5 8
I Ho* o f  
Oases
t
3
1 * 7 1
3
2 .2 9
2 a
Encyam A o tiv i t le s  p e r g* wet w eight
Aik* RHAse Acid mmso mmse I MAse I I
Mean 0 * 0 4 2 0 * 0 1 1 0*75 1*88
^  B Séïï# 0*060 0*006
Mo* o f  
Oases 4 4 1 1
I
Mean 0*385 0 * 2 3 1 57*2 210
Mo* of 
Oases
0 * 0 5 7
3
0*071
3 2 2
t  7*59 6*41
ï> < 0*001 < 0*005
TABL® 53.
EHgMü AOBIVITIBS m  "filTOOHOMDRI&I." FRACTIOM 
OF HlftïM BREàSÏ TISSOB
OomparisoB o f  Oarolnoma with Ion#Oaroinomatous Samples
o
g  s  l o .  o f
i
o
TABLE 54-
Easy me A c t iv i t ie s  p e r mg. P ro te in  
A ik . mmse Aoid MAse Mkm 1 Wkm I I
le a n  0.029 0.00?
 g 9
Oases . ^ ^
g  Ho# o f 
^  Oases
Mean 0#X1? Ô.O46 10.86 34.6
3 3 2 2
JL ^É R
^  0  ¥0* o f
^  Oases
Ba^m e A c t iv i t ie s  p e r  g . wet w eight 
A ik. MAse A eid MIAse MAse I  MAse I I
Moan O.ÔU 0.005
mean 0.182 0.066 12*8 40*5
^  X s f s  3 3 2 2
mmÆ 54,
m m m ; a c tiv itib s  to «'sgoBOSQm» rmoTioM
OF i m w  BKmsT ÏISSÜB
Comparison o f Careinoma with Hon-Oareinomatouo Samples
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■.all ù i  theao frao tions iii th© o rig in a l homogonata, mid only the a c tiv ity  
per mg# p ro tein  i s  inoluded in  the data#
Bparse ae thé re su lts  a re , they am  not without eome in te re s t  in  
showing th a t the p a rticu la te  frao tio n s prepared frosi oaroinomata of b reast 
are lik e ly  to contain f a t  g rea te r a c tiv ity  fo r a l l  four nuoleaeee then 
the oorreapmding frao tlona prepared from non#malignant samples of b reast 
tissue# In  th is  small s e r ie s , the aotlvitieo6f  alk# and acid  Elàaqe of 
the p a r tic u la te  frac tio n s  of carcinomata-æe 4 to  *jf times per
mg* of pro tein  then the corresponding fm o tions prepared from non#malig#
' I
nant b reast t is su e ; beoauae of the h i #  viuéi^çe, s t a t i s t i c a l  significance 
could not he demonstrated where numbers perm itted the analysis to  be 
attempted# ¥hen c.DnsidOration i s  given to  the a c t iv i t ie s  of these enggmies 
expressed per g# wet weight, the carolnwiata havo m  advmta^^ bo cause 
th e ir  y ie ld  of p a r tic le s _ was higher then with the non-malignant tissues#
The difference between cancer and non*mall#ant groups i s  thus magnified, 
and ranges &om a nine#fold to  a twenty#*fold ' Inoroase in  the a c tiv ity  of 
the former group over th a t of the l a t t e r  depending upon the fra c tio n  and 
the enzyme in  question# and s ta t ia t io a l  treatment reveals th a t the d i f f -  
erencm in  aXk# and a#id RHAases in  the *teitoohondrial" frac tio n  are  ôig«;^ -v--v' 
n lfieo n t a t  the 0 #i^ and 0 *5# lev e ls  respectively# flie BMase re su lts
are  too few to  permit serious comment#
In so i^ar as i t  i s  possib le  to  draw any oomparison on the basis  of 
these rudimentary re su lts  between the re la tiv e  a c t iv i t ie s  of supernatant 
and p a rticu la te  frac tio n s in  human breast# i t  seems m^likely th a t major 
d ifferences e x is t in  the non#»Bialignant group when the re su lts  are exi^ressed 
per mg* p ro te in 1 while in  the carcinomata# the only suspicions aroused
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point to a possible incraas© I'm BMase X together, with a dooraase in  
MAass'ïl activ ity  to  the partioalata-fraotiome, while oven more- remote 
i s  the possib ility  that the alk* ïlMasa activ ity  may be somewhat increased 
ill the particulate fractions compared with the supomataat*
F m t o t o
file proteto qontent of thh aupemat'ant- fraction of the various breast 
tissues studied is  shown in fable 55 * She f i r s t  point that emerges 
i s  that these resu lts  are very much lower than those obtained in the tliyraid 
tissues* Indeed# .with the exOeptiom of one o&irotooma, one adenoma, and 
three samples of tliyroiditlD tissue# mono of the thyroid speotoens oxaratoed 
have à lower ooncemtratiom of protein to # ie  -supomatamt than that breast 
oareinosia which# with a protein eomtemt of 49*® mg* per g# v/ot 
^mre the highest Ooncemtratiom Of the twenty breast tissues studied in 
th is  work# •
fho difference'''between the momala and the fibroadonomata is  small#
(md i'll though that between the former and the oarolnomata- is  greater# i t  
is  mot si# lficm it*  On the other hand# the eyetio mastopathy group dis* 
play a protein content whioli i s  reduced below that of nommai, breast to a 
.eignifioimt level Ct«^ 3*'67; F< 0*01)*
Such data a# were obtained on the particulate fractions are shewn 
in Table ^6 i t  would be unwise, to ,lay  too much emphasis on data as 
scanty as that presented# but the. suspicion is  aroused that re la tive  to 
the non*mali#ant, tissues# the carcinomata may be more richly endowed 
with subeellular particles# and that to both the malignant and the non- 
malignant groups# the cells  may be poorer In microsQîîiés than to  mitochondria,
TABLE 55»
of Breast Tiesue Moan S,B. Range
normal ?a*o 2,7 19,0- 25.5
FibroadencNwata 19*1 5*9 11. 5*27,9
Oystio Mastopathy 15,4 3*2 11»4*18.4
Garotoomata 27,4 14.8 11.0-49,8
TABLE 55 .
PROTEIK CQHTEFT OF STOiattïATAHT . QF 
HOMM BHEAST SÎSSOBs
RçBHlta in mg. Fïotein pa» g# net weight of Sisotte
m m :
TABLE 56,
" M i to o b o ^ x i r la " ; .2 4
B e l lg n m x t 3 5»!
" M lq m e o æ o " Ü 0 , 3 0  e , # * 0 , 3 3
580%%@0" 1 , 8 5
.mmœin uommiT #p FARTiouLàii^  FmomoDs oF
4 g w o H A m *  M m  M A M W M #  !m A 8 T  T m m $
ItOGUlto in  mg# Iw to in  por 0* wet woi(pxt ù i  fidsuo
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là  l'to© with these i t  has hùûn  éalculâteà that thé memi percentage
of the. ojtopXaeraio proteto present I n  %e mpWiatamt i s  ‘95?^  in ’ the non* 
aaXlpxant group and 74?" in  the malignant group# haèad on three eaapXes 
of each group*
156»
m m . . '
.OoîBiaari.son. .Between Hofflal.. Tiesue ' a n â . ..èaroinoma
Thé ra su lta ' obtàtoeci l à  16 nom als m à  in  25' Caséa of .oervical 
carcinoma pein t tb  a  higher co n ten t'of' nu'Oléascs and aàom ^im  deàiïâinaèç 
in  thé l a t t e r  group# %e individnal dàta on thé supeinatant''ftobtibnc 
aro presented graphically  in  Figures 24*25 and the mean values with 
s ta t i s t i c a l  treatm ent in  Tables 57 * 61 * In s ix  only of the norraal 
tisBues was i t  considered th a t the y ie ld  of p a r tic le s  mw adequate to  
permit calcu lation  of the d is tr ib u tio n  of encyme a c tiv ity  w ithin the 
cytoplasmic fra c tio n s ; in  one sm%le of the normal ae ries ; technical 
considerations v it ia te d  a re la tio n sh ip  being eatablished between super* 
natm it a c tiv ity  and v/et w e i^ t  of the sample, thereby reducing to  I 5 the 
number of samples upon which the mean ensyme a c tiv ity  per g* tmt weight 
was based* ■
I t  w ill be seen from BÙgures 24 end 25 and Tables 57 and 58 th a t
there i s  v ir tu a lly  a Complete separation of the norBiaX from the carcinomû''
group # e n  the a c t iv i t ie s  of the two ribonueleases are expressed per mg*
pro te in  or per $* wet ifhan alk* BHAaae i s  measured-..pc.r-.rag*
' protein, o r per g> wet weight, on ly . one sm^plo of the normal se rie s  exceeds
in  a c tiv ity  th a t of the lowest in  the cgircinoaia series# ?dien acid MAass
i s  measured per mg* protein# the same s itu a tio n  app lies, but when measured
per g# m t  weight# the a c tiv ity  of 'the- highest normal i s  2*2 u n its , th a t
of the lowest carcinoma 3*1 un.its.* Thé mean aik* MAase a c tiv ity  of the
normal supernatants per mg* p ro te in  i s  almost twice th a t of the normal 
thyro id , but when measured per g* wet weight, i t  i s  only h a lf  th a t of the
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TABLE 57'
Activity Activity  ^ Activity
por îûg. protein per g, wet weight ^ total Gytoplasm
0
B
M.
A
h
B
HOi: o f
t i s a u e o
Heane
8*B*
B to g e
1 6
o.oys
Q»047
Q t0 3 3 * * S U
15
2*27
1*60
0 *62**5 .91
6
92.8
4*4
86*1 - 97*8
C
A
I
C
B
S
t me  'H
%fQ rH *H CÔ
I
Ho# of 
tl88UG8
M ean s
8#D t
Baiige
t
2 5
. 0 * 9 1  
0 * 6 9  
< 1 2 0 -2 .8 5
4*77 
< 0*001
25 
35*4
19*4
5*6*78*9
6.64 
<  0*001
1 9
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6*8
62.8-85*1
5*57
: 0*001
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TABLE 58
Activity
-per mg# protein
Activity Activity
per g* wet weight fa total Oytoplaem
1
M
A
Ho* of 
t i s s u e s
Mo&m b
sa>#
1 6
0.023
15
0 * 9 4
0*63
0 * 2 3 -2 * 2 0
6
8 9 * 8
7 * 4
7 5 * 6 -9 8 * 1
A
B
Ho* o f  
t i s s u e s
Means
B .D .
0*51 
0*28 
0  * 0 7 0 -1 * 5 6
17*8
10*5
3 * 1 —4 5 . 2
72*4
u . a
49*2*^93^
mO H03
■'a ^
'4 I
6.06  
< 0 .003.
3 .06  
0 .003,
TABLE
ACID RIBOHPgl^ ffiASE AGTCTOT IB 
S ia T iff lT  OF HDMftH
CERVIX UTERI
3.39  
•i 0 . 005->,001
Oomparieon o f HoEmal v;ith Caroinoma
1 5 7 ,
n o y m u l t h y r o i d ;  i n  m o p e #  o f  b o t h  m o # o  o f  o x p ro o a lo m  t h e  a c t i v i t y  f a r
e # 8 8 #  th a t o f uùmml brqaot, la  those ■sastnploo where suoh mi assessment
was i30ssible# a  mean o f ,93^ of .the qyloplasmio a c tiv ity  was found i n  the
supesmatamt fra o tio a  (fab le  57 } *  the  mean Values fo r the o'a^olnomata
' '  ' ' " ' ' 'are 12*15 times greater than that of the ' norma)., and only 7#^ b f rj|he 
oytoplaaml.0 a ctiv ity  la  found i n  the au^^ematent* All these \d iffenonoeo 
between nom^ O. and carcinoma groups are highly s ip iiflea n t (p< 0^001) * 
fhq mean activ ity  of mold BlAaeé per mg# protein in  the super^itant 
of m xnm Jk cervix i s  lee s  than half thEit of alk# MAaee# and theiofoto  
approximates to that of noraial thyroid; but when measured per g* wet 
wei^it# the a ctiv ity  ie  le e s  than a third of that found in  the la tter  
tissue# Once again# the activ ity  Irreepeotive of the mode of expression 
far exceeds that of normal 'hMmtm breast# Approximately 90/5 of the to ta l 
cytoplasmic activ ity  appears in  the supernatant (Table 58 )♦ Bince the 
activ ity  of acid HlAase in the supernatant of the caroinoma group does 
not fa l l  to quite the sme extent# the differences between the normal and 
carcinoma groups are increaeed# Thus the mean activ ity  per mg# protein 
in the la tte r  group i s  more than 15 times that of the former# and the mean 
activ ity  per g# wet w ei^ t in  the caroinoma group i s  almost 20 times 
greater tlw i that of the normal# both differences being significant at the 
0#1# level* Only 72*4?" of the to ta l cytoplasmic activ ity  of acid RMase 
i s  found in  the supernatai^t of the carcinomata (P^O.OOg)*
From figure 4^ i t  w ill be observed that considerable overlap between 
the normal and oaroinoma groups ex ists  in respect of their PH A aso I content 
per mg# protein# md i t  i s  u tterly  impossible to draw a  meaningful lin e  
of separation between them* Hevertheless i t  can be appreciated that there
TABLE 5 9 *
A c t iv i ty  A c t iv i ty  A c t iv i ty
p e r  mg* p r o t e i n  p a r  gm  w et Yfeiglit ^  t o t a l  Oy to p i  asm
H
0
A
h
Ha* of 
t i s s u e s
Means
8 , 3 .
Haag©
1 6
2*52
3 ,6 0
0 .2 2 * I 3 » 8 2
1 5
78.1
103*4
5 » 0 -3 8 3 » 0
T5»2
2 3 * 7
3 0 .8 * 9 4 » !
0
A
H
G
E
R
B
Ho# of 
tis su e s
Means
8 . 3 .
R a n g e
25
7»83
7 *4® 
0 .5 9 - 3 5 » 9 0
8 5
291
8 8 4
65*968
16
6 5 * 8
16.4
38*8*92.4
m m0 *rl•H ©.p
m•H
5.p
m
t
P
8.33 -
^ 0  ,05->.025
3 . 5? 
<  0  .0 0 1
1.06
%
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Com parison o f  Korcmal w ith  Caroinom a
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i é  # tendonoy fo r  tW  üàràinosia to  kayo a higher qomtoat of thi©
enzyme them the normal # o u p , t# d  indeed When the a c tiv ity  i s  measured 
per 0 ,# wot weight of tleoue# f.our, only of the normal tioauea exceed a 
value e f  100 u n ite  .lyhile. foitr. only of the caroiHoma group hm& a c tiv ity  
lower,than th is  value* % e mean value 'of the former group per mg#, pro tein  
i s  in  fa c t twice th a t of .the l a t t e r  (p < 0 , 05) while the superio rity  of. 
the carcinomata over the normals l ë  f o u r fo ld  when the a c tiv ity  i s  re fe rred  
to  the wet, weishi o f the tis su e  .(?< 0 ,00i)-*, , The mem tmmontago o f 'th e  
to ta l  cytcplacmic a c tiv ity  of pMâeO..I,found im the supernatant i s  75* ^  
fo r  the nom ale and 65*0^  fo r  the carcinomata (fab le  5.9 .) but, th is  
d ifference i s  not s ta t i s t i c a l ly  sigu ificaa ta  | t  should be mentioned a t  
th is  j t o c t e a  th a t th e  mean MAasé X ac tiv ity ' ,of the iiarmal cervix per mg*, 
p ro te in  i s  about four timee th a t of normal th'^pùlé^ though there  i s  l i t t l e  
d ifference between the tisan es  when the ré su lte  are measured per g* wet 
V0±0 M* On th e .e th e r  hand, the m m m Q  comparison may bo drawn with the 
BHilnso 1 a c tiv ity  Of human b reast supernatant # the a c tiv ity  Of which per 
mg* p ro te in  approximates .to th a t o f the cervix supernatant, while the 
mean wet weight a c tiv ity  of .breast tis su e  i s  only h a lf  th a t of the cervix#
■ i t . i s  possible to  muM a clem?©;? separation between the,two groups 
of cerv ical t is su e  with .roBpest to  RHâasè I I  a c tiv ity  than was the case 
with the previous enzyme { fig n m  24) ,  Pour only of the normal tisau es  
have ■ a c tiv ity  par mg* p ro te in  which essceods the Iqwost value found in  the 
carcinoma seriess while thm e only of the normals have a c tiv ity  per g# 
wet weight which exceeds the lowest value found, in  the .carcinoma group#
The mean a c tiv ity  of the normal cervix per mg* p ro tein  i s  interm ediate 
between th a t of normal b reast and normal tliyrold; the mean a c tiv ity  per
TABLE 60,
A c t iv i ty  A c t iv i t y  A c t iv i ty
p e r  mg# p r o t e i n  p e r  g* w et w e l^ i t  t o t a l  C ytoplasm
0
m
L
S
lo* of 
t i s s u e s
Means
S#D .
B on g o
16
11.43
7 * 3
4 # 4 4 * 3 0 * 6
1 5
317
2 2 1
1 0 2 - 8 5 8
92.1
9*3
60,8-99.0
0
A
I
C
lo# of 
tissues
Means
#D.
R a n g e
25
51.4
30.2
16.4*154*7
2 5
2 3 6 6
1 5 8 4
474*7193
16
85*4
5*9
71.8-93,4
m 5 .16  
< 0 .001
4.99
< 0 .001
TABLE 60,
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2.02  
<  0 . 1 ~ > . 0 5
Comparison o f  Formal with Carcinoma
: i5 9 .
gé ia  tlim e times th a t ù t  normal b reast but only one*^aixtb of
the mean 0,etivi%  of normal th^vùiàé ■ fhe mem eupem atm t a c tiv ity  of 
the oervlcaX earoinomata i s  almost f iv e  times th a t of the normals per 
p ro te in  and almost e i # t  times th a t  of the nomic^s per g$ wet v?eight| both ■ ■; 
these diffexm eoa boing highly gignifioant (p< 0*001)# Of the to ta l  
oytoplaeaaio ao tiv ity#  #2#!^ was fotmd in  the supernat^mt f  m ot ion of the. 
normals (fab le  60 ) and only 85*4^ in  the supernatant of the oaroinomata; 
th is  differenoe i s  Just outside the 55^  level of sip^lfieanee*
fha differenoo between the two groups of oervioal tissu es  with respeot \ 
to  adenosine demalnase a o tiv ity  i s  not as olear-^out as with pMuse I I  wliile 
being more so than was the case with BBAaso I# Considering f i r s t  o f a l l  
the re la tio n sh ip  between the two groups when the a o tiv ity  la  measured per 
mgp proteiug i t  w ill be sOen (Figure 24 ) th a t two of the normals have a 
value in  exeeas of 80 u n its  while sevm  of the oarolnomata f a l l  below th is  
value* % rning to  the content per g* wot weight# four of the normal© have 
more than -2008 u n its  and throe of the carcinomata le s s  than th is  figure*
I t  i s  in te re s tin g  th a t the a c tiv ity  o f the nor«ie.l coivix supernatmtt per 
mg* p ro tein  i s  almost four times th a t o f normal b reast fmd tî>yroid supers 
natm t^  the a c tiv ity  par g* wet weight in  the supematEmt of n o ^ a l  m rv ix  
i s  a l i t t l e  g rea te r than th a t of the normal t% ro id  and more than three 
times th a t of the normal b reast (®able 61 )* ühe mean a c tiv ity  of the 
■ CEiroinomata i s  th ree times th a t of the normals per mg* pro tein  and about 
f iv e  timoB th a t of the normals per g* wet w ei^it; both these difference© 
a r e  v e r y  s i g n i f i c a n t  ( p <  0 * 0 0 5 )»
An attempt was made to  co rre la te  the encypi© content of the oarcinoBiata 
with the degree of malignwu^ of the samples* For th is  purpose# the
TABLE 61.
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1 6 0 *
■Carcinomata wera divided into the following thz'Oe groupas
a) ;telifiuaslt’» A ll 0aB0s \th a t presented Vfith lesions c la s s if ie d
clinioaXly aa stage I I I  were placed in  th is  group# together wfth those 
oasea o laasified  c lin ic a lly  aa Stage i t  in  whom the routine histology 
report iïxdioated a high degree of malignanoy aoeording to  %hmë c r ite r ia#  
nimely# the degree of d iffe ren tia tion#  the m itotio rate# and the evidence 
of invaaiveneaa in  the  epeciaien exmiined* Eleven ..cases satisfied ..these 
c rite r ia*
h) 'pcdera>tol?/ Malifd^ant» fhoe© gases oiUBslfled o lin ic a lly  as Stage I I  
in  whom the routine histology report spegified  the lesion  to  be well* 
d iffe ren tia ted  ; with low invaeiveness and low 'feitotio .rate in  the specimen 
examined were placed in  th is  group*' Six Oases s a t is f ie d  these criteria:.'
c) iptermadiate.. Group,* # i s  gpmprieèd eight p a tien ts  who could not be 
placed in  e ith e r  of the above groups* In  some# the histology report was 
n #  sa tisfac to ry  I in  others# the  lesion  was well described but appeared 
t o  possess mabigucus' fea tu res e .g . w ell-d iffe ren tia ted  but h i #  m ito tic  
ra te  or poo rly -d ifferen tia ted  with low m ito tic rate* In. th ree oases# the 
Specimen examined by the h isto log ist, had some other pathological featu re  
which prevented a clet##out evaluation of the malignant process being 
reached# nmi^ljp large areas of n ecro tic  tissue# intense stromal reaction# 
and chromic liiflammatory in f i l t r a t e .
# e  mean resu lts, obtained fo r  a l l  t^ree groups are  presented, in  
fab le  70# fh e -mO$t'obvl.cus fea tu re  i s  the lack o f  corre la tion  between 
the degree of malignancy implied, in  the c la ss if ic a tio n  and the en%me 
content of the smpleo* Only with respect to  Mïâàso I I  content can the 
groups be arranged in  an order corresponding to  th e ir  suspected malignancy*
161,'
■
There was no olear^cut d ifference between the  Bi^sly and the Moderately 
lE^iignant groups vdth respect to  the ribonuoleases and MÂôb© î î  indeed^ 
the Interm ediate droup appeared to  be more rich ly  endowed in  these ens^ies 
than the Highly là lig n an t group* The content of BMeee I I  and adenosine 
deauinese of the Highly ^ o u p  i s  approximately double th a t of
the loderEitely Malignant group* but none of the d ifferences encountered 
were s ta t i s t i c a l ly  s ig n ifican t in  the  present materiE^X,* and since the 
Content of adenosine deaminase in  the intem m diate Group exceeds th a t of 
the Highly Malignant group* i t  i s  doubtful i f  th i s  eneyme has any, re a l 
ra le tioneh ip  to  the malignant process^
The P a rticu la te  Fractions of GerviCal Garolnomatp,
The separation o f a  **Mitochondrial** and a ^liorosomal** fra c tio n  from 
the cytoplasm of cervical carcinomata wews ro la tiv e ly  ea s ily  acboiaplished* 
fa ilu re  oocuring only where the specimen was too m a ll  to  permit the 
co llec tion  of a  useful amount of m aterial# Eighteen samples were fraction* 
ated  by an id en tica l technique to  th a t employed with the saitiplos of thyroid 
tis su e  Using the same cen trifugal fie lds#  Unfortunately* i t  was not 
possible to  subject the m aterial thus prepared to  the same sorutiîiÿ^ a© 
was devoted to  the preparations from #$yroid tissue# The exact nature 
of these frac tio n s  must therefore remain a m atter of some uncerta in ty .
The re su lts  obtained fo r  the nuclease content of these p a rtic u la te  
preparations are presented in  Tables ' 66 -  69 # The f i r s t  point th a t 
emerges from m  examination of these result© i s  the S im ilarity  in  the 
d is tr ib u tio n  and a c tiv ity  of a l l  four nucleases studied between the two 
fractions* to  such an extent th a t there i© no o igirifleant d ifference fo r
TABLE 62
A c t iv i ty  A c t iv i ty  A c t iv i t y
p e r  mg* p r o t e i n  p e r  g>. w ot v /aig iit #  t o t a l  C ytoplasm
I
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h
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tissues
M ean s
8#D.
R a n g e
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5
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TABLE 63
A c t iv i ty  A c t iv i ty  A c t iv i ty
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0
E
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A c t iv i ty
per mgw p rotein
A c t iv i ty  A c t iv i ty
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OomparisoB o f  lormal with Gareinoma
1 G 2 #
of, the twelve, , , With the exoeption g f  ■ BHAas© I I
: ac tiv ity#  the ■**Mitoghondrial^  ^ f ra c tio n  has ■slightly g rea te r a c tiv i ty  for, 
a l l  nuoloases when moasurod per mg#, proteinÿ .«hen#, howeve^^ # the a c tiv ity  
4o'measured per g#. wet.weight# the ^*MiaroeQmal” i© the more ac tive frac tio n  
■with respect 'tO '^all-four engyiaeo# and m  a consequence# th is  fra c tio n  
accounts fo r  a ^ .greater percentage of the to ta l  cytoplasniio a c tiv ity  of a l l  
four nueXease© than does the ‘^Mitochondrial’* fraction* - %en a cosipariaon 
i s  made between the a c tiv ity  = of each- encyme p e r  mg* p ro tein  of the part*  
icuXate- fractions- the a c tiv ity  of the. corresponding pnsymo per mg* 
of supernatant p ro tein  in  the carcinoma, se rie s  # i t  w ill he observed th a t 
the supematdnt 1© marginally more ac tive  with respect to  both ribom cleases# 
and twice as aotlvo' with respect' to  SHâasé II# but. the DMAase I  .ac tiv ity  
of the p a r tic le  frac tio n s  i s  almost. h i ^ o r  than th a t of the supernatant*
Qomparison o.f .Particulate Fractions, in  Bormal Oervipc and OervicaX Carcinoma
I t  i s  reg re ttab le  th a t the teclm ical d i f f ic u l t ie s  # lc h  emerged during 
the praparatlon of p a r ticu la te  frac tio n s  from non*malignant b reast tlésuee 
ra.ourrod-dur:liï0  the ■preparation of- thOBe frac tio n s  from the normal cervix* 
Much the same considérations apply, to  ■ these tissue©# namely# the in tr in s ic  
poverty of sub*cellu lar p a r tic le s  in  these organs together with the higti 
content of collagen which in  rncw cases v it ia te d  the establishm ent o f a 
quan tita tive  re la tionsh ip  between the y ie ld  of p a r tic le s  and the w e i^ t  
of the ' sample from which they were prepared* However# since the re su lts  
on the two p a rtic u la te  frac tio n s  prepared-from cerv ical - carcinomata wore 
so similar# and since in  two of the normal sample© where i t  was possible 
to  separate adequate q u an titie s  of the two frac tio n s  the same s im ila rity
3L63,.
é V i c t o t #  I t  w as  j u s t i f i a b l e ’ - f o r  c o m p a r a t i v e  p u r p o s e s  t o
p o o l  t h e  m a t e r i a l  o b t a i n e d  b y  d i f f e r e n t i a l *  o e n t r l f u g a t i o n  • o f '  t h e  i io m o g e n a te s  
o f  n o rm a l  o e r v i z  s o  t h a t  e u f f i o i e n t . '  m a t e r i a l  waa^ a v a i l a b l e  f o r  t h è ''d e s i r e d  
b i o ç t e ï i i o a l  a a a i y æ s #  ■ ' S a v e a  s w h  ’^G om W nèd P a r t i c l e * ’ f r à e t i o h ç  f ro m  
normal' c e r v i x  t h e r e b y  béO am o a v a i l a b l e  ■ f o r  s t u d y  * l%i o n e ,  t h e  y i e l d  was- 
C o n s id e r e d  t o  b e  u n d u ly  lo w  b e c a u s e  o f  i n t e r f e r e n c e ' f r o m  c o l l a g e n ;  i n  
a n o t h e r # 'b e c a u s e  o f  c o l l a p s e  o f  a  tu b ©  d u r i n g  ' c è ù t ' r i f u g à t i o n ' i t  w as  n o t  
p o s s i b l e  t o  . r e l a t e  ■ t h e  y i e l d  t o  t h e  w e t w e ig h t  o f  t h e  © 'ample t o t ' i n  t h e "  
r e m a i n i n g  tu b e #  t h é  ' r e l a t i o n s h i p  o f  t h e  p a r t i  o l e  é  t o  o u p e r h a ta y r t  w as  
t o d i e t u r b è d #  T h u s  i t  h a p p e n s  t h a t  'in ^  ?  C a m p le s  t h e  a / o t i v i t y  '' O o h ld  b e  
' r e l a t e d  t o  t h é  p r o t e i n  c o n t e n t  o f  t h e  f r a o t i 'o n ,  t n  5 ' t o  t h e ' w e i g h t  o f  t h e  
t i s s u e #  a n d  i n  6 - t o  t h e  t o t a l  a c t i v i t y  o f  t h e  ■■■oytoplaem*
f o r  t h e  p u r p o s e s  o f :  t h i s  o o m p a tle o n #  ' i t  w a s  n e c e s s a r y  t o  r e - o a l c u l a t e  
t h e  d a t a  p r e v i o u s l y  o b t a i n e d  f o r  t h e  i p d i v l d u i ^  p a r t i c u l a t e  B a c t i o n s  o f  
c e r v i c a l  ■ c a ro in o m a ta ' s o  t h a t  t h e y  now  a p p l i e d  t o  t h e  c o m b in e d  p a r t i c l e s ^
O ne m o re  aeu ap le  i n  w h ic h  t h b  p a5? t i c u X a t e  f r a g t i o n B  w e re ' c o m b in e d  w as a d d e d  
t o  t h e  c a r c in o m a  g ro u p *  S h e  r e a t i l t s  o f  t h i s  c o m p a r is o n  a r e  p r e s e n t e d  I n  
f a b l e s  62 # 65 ,
# 0  f i r s t  p o i n t  w h ic h  e m e r g e s  f r o m  a  s c r u t i n y  o f  t h e s e '  r é s u l t a  i s  t h e
B U p c r i o r i t y  o f  t h e  p a r t i c u l a t e  m a t e r i a l  f r o m  c e r v i c a l  c a r c i n o m a t a  o v e r  t h a t
o f  t h e  m a t e r i a l  f r o m  n o r m a l  c e r v i x  i n  r e ç p e c t  o f  t h e i r  c o n t e n t  o f  a l l  f o u r
n u c l e a s e s *, S h e  m e an  a c t i v i t y  o f  e l k *  I#A ac©  i n  t h e  ’’O o m b im d  P tw e tlc le o * '
o f  t h e  c a r c i n o m a t a  i e  t e n - f o l d  t h a t  o f  t h e  n o r m a l  ’‘C o m b in ed  P a r t i c l e s "  w hen
t h e  a c t i v i t y  1#  e x p r i a s o d  p e r  mg* p r o t e i n  a n d  o n e  h tm d r a d ^ f o ld ,  w h en  e x -
p r o c e e d  p e r  g*  w e t  w e ig h t  ( f a b l e  62 t h e s e  d i f f e r e m o e s  a r e  h i g h l y
© i g n i f i o o n t  ( P <  0*005)  f % r t h e r m o r e #  t h e  p a r t i c u l a t e  a c t i v i t y  a ç c o m t s  
* An outline of this oàXoulation is given on Page 24I.
TABLfcJ 6 6
A c t iv i ty  A c t iv i t y  A c t iv i ty
p e r  mgv p r o t e in  p e r  g .  wot w e ig h t #  t o t a l  GytopXacm
u gAII
Ho. of 
t l s o u e s
Meems
s , : o ,
Eenge
1 8
8 . 8 ?
0 * 5 8
0 . 0 9 - 2 . 5 5
6.56
4 . 0 2
X * 3 4 ~ Ii .%
16
1 1 * 9
3*1
7*1- 19.1
I I
H o . o f  
tissue©
M e a n s
8 .D .
H an g o
18
0*49
0 . 1 0 - 1 . 7 ?
1 8
7.20
4.3
0. 97- 16*31
18
12.1
3 # 9
6 .6 - 1 8 * 2
m S L E  6 6 .
ALKALIHE IlIBOBOGmSE ACTIVITY IN
CÏTOPLâgâlO PARTICLES OP HIMAH
CmVIX UTERI
OoiBperison of “Mitochondrial" fraction 
with "Microsomal" Fraction
TABLE 6? .
A o tiv i.ty  A c t iv i ty  A c t iv i t y
p e r  m g p  p r o t e i n  p e r  g> .wet w e ig h t fo  t o t a l  C ytoplasm
3  t£ â « S
à §
g  5  Means 0.51 3.70 13.7
g  -g
S I  s.»,. 0*35 2.54 6.0
g
B Hange q ,05^1.40 0.58-7.30 4.0-34.6
Bo.,# of 
tissues 18 18 18
w
^  ^  M e a n s  0 . 4 9  4 . 3 6  3 .4 .1
@ g S.B. 0.32 2.9 4-3
tj
^ fisng© 0,03-1.10 0.32-0.71 2.2-23.9
TABLE 67.
AOrO KIBOSTJOLEASB ACTIVITY IN 
CYTOPLASMIC PABTIOL'ES OF HÜÎMÎÎ
CERVIX UTERI
0ompos.1.son of "Mitochondnial” te a s tio n  
sîith "MiesoBomaJ.” Esaotâoa
164
f o r  o f  t h e  t o t a l  . iM A aso ^ o t i v l t y  in  the o a r o in o m a ta  '"
b u t  o n l y  7 * É #  i n  t h e  n o m a iG  (B <  0 * 0 0 1 )* ,  , f h o  a o i d  M â a o ê  a c t i v i t y  o f  tiife ' 
p a r t i o u l a t Q  m a t e r i a l  o f  c e r v i c a l  c a r 'o in o m a ta  ( f a b l e  63 )  . i s  a l s o  te rn  t M e s '  
t h a t  o f  t h e  n o r m a l  c e r v i c a l  p a r t i c u l a t e  f r a c t i o n  w hen  t h e  a c t i v i t y  i s  
o x p r o o a e d  p e r  mg* p r o t e i n  a n d  o n e  h u n d r e d - f o l d  w hen  e x p r e s s e d  p e r  g* w o t 
w e ig h t  ( f  < 0*005) ;  a n d  th o u g h  t h e  p e r c e n t a g e  o f  t h e  t o t a l  c y to p la m m ic  
c o n t e n t  o f  t h i s  en zym e f o u n d  i n  t h e  p a r t i c l e s  i s  i n c r e a s e d  t o  1 0 * 1 #  i n  the ■ 
n o r m a le  # the p e r c e n t^ ig e  o f  t h e  c y t o p l a s m i c  a c t i v i t y  f o im d  i n  t W ,  p a r t i c u l a t e  
f r a c t i o n s  o f  the  c a r c i n o m a t a  i s  a l s o  in o r e e i s e d  c o m p a re d  w i t h  the p r e v i o u s  
e n g y m  s o  t h a t  the d i f f e r e n c e  b e t w e e n ,n o r m a l s  and c a r c i n o m a t a  in  t h i s  r e s *  
p a c t  i s  s t i l l  s i g n i f i c a n t  a t  t h e  0 * 1 #  level of p r c b a b i X i t y * .
f l ï0 m ean  M à a s ç  I  c o n t e n t  o f  t h e  "O om M ned  F a r t i c l a s "  f r o m  c e r v i c a l  
c a r c i n o m a t a  i s  9*91 u n i t s  p e r  mg# p r o t e i n  w h ic h  I g  h i g h e r  t h a n  t h e  c o r r o s *  ■ 
p o n d in g  v a l u e  f o r  n o rm a l  c e r v i c a l  p a r t i c l e s »  6*99 u n i t s ;  t h e  d i f f e r e n c e  
I s  n o t#  h o w e v e r#  s i g n i f i c a n t  ( T a b l e  64 # o n  t h e  p a r t i c u l a t e  a c t i v i t y  
i s  r e l a t e d  t o  t h e  w e t w e ig h t  o f  t i s s u e #  t h e  m ean  v a l u e  f o r  t h e  o a r o in o m a  
O O rie e  I s  tw e n t y  t i m e s  t h a t  f o r  t h e  n o m a l s  (B <  0 # 0 2 ) #  A h i g h e r  p e r e e n *  
t a g e  o f  t h e  t o t a l  c y t o p l a s m i c  a c t i v i t y  o f  W A a m  I  o f  t h e  n o rm a l  c e r v i x  
r e s i d e s  i n  t h e  p a r t i c l e s  t h a n  w a s  t h e  c a s e  f o r  t h e  tw o  r i b o m o l e a s a e #  a n d  
a l t h o u ^ i  t h e  p e r c e n t a g e  o f  t h e  t o t a l  c y t o p la s m i c ,  a c t i v i t y  o f  BHAase I  
f o u n d  i n  t h e  " C o m b in e d  P a r t i c l e s "  o f  t h e  o a r o in o m a ta  i s  a s  h i g h  a s  34#^'^* 
t h e  ■ d ^ .ffc ren co  b e tw e e n  n o r m a l s  a n d  c a r c i n o m a t a  i n  t h i s  r e s p e c t  i s  n o t  
s i g n i f i c a n t *
The "Oombined P a rtic le s"  from normal cervix gave a mean Itîâase XX 
a c tiv ity  of 10*4 w i t s  per mg* pro tein  and 18,0 u n its  per g* wet weight 
of tissu e  (Table 65 )* % e corresponding mean a c tiv i t ie s  in  the
;  .s
I *
I
TABLE 00.
\
A c t iv i ty  A c t iv i ty  A c t iv i t y
p e r  mg*, p r o to i i i  p e r  g* w et w e igh t #  t o t a l  C ytoplasm %
Ho. of 
tis su e s 15 15 15
Means 10.23 76.2 I 4 .5
g  S.B. 12,81 86,8  9 ,4
^  Reuge 0.51-49*38 ÿ .0- 338,0 0 , 5- 38,9
Ho. of
tissue© 15 15 15
m  o
% ^  Means 10.22 103,2 20,6 \
I I '
y  m s .s .  7 .2 6  72.4  14 .5
a  t  -  0.92 1.34
•ri m
TABLE 68.
mOXmiBOWGLEASB I  ACTIVITY IH 
GYTOgMSMIC PimTIOLES OP HMAH 
CERVIX UTiüRl
Comparison o f *%ltoohondri@l" Fraction 
vrith "Hicrosomal” Fraction
i' %
Range I . 44. 2I . 8  5.5-255 .0 2.9-55.3 V \
O  %
TABLE 6S#
\
A c t iv i ty  A c t iv i ty   ^ A c t iv i t y
p©r Bïg- p r o t e i n  p e r  g# w et w e ig h t #  t o t a l  C ytoplasm
Bo-* o f  
t i s s u e s 15 15 15
Means 26*8 203 6*5
m ^ 8*D* 15,5 . 123 2,9
H
^ H a n g e  9 * 4 “ 6 2 » 1  3 5 - 3 4 6  2 , 6 - 1 1 , 4
Ho* o f  
t i s s u e s 15 15 15
g
H Means 28*5 285 8,1
8*D, 17*3 193 3#9
Eange 12*8-86*2 5 5 -? ^  2*4-17,6
I  ^  t  -  1,33 1.28
I f  P
I  a
(O
T A B m  69*
BEOXfEXBOBüOmSB I I  ACTIVITY XH 
DYTOPLASMXO PARTICLES OF HOMM
o m v i x  U T m i
C o m p a r is o n  o f  " M i t o c h o n d r i a l "  f r a c t i o n  
w i t h  " E î ic r o s o m a l"  f r a c t i o n
çarcinom  se rie s  were' u n its  par mg, protein" (P< 0,0S) mid 48B u n its  
per'g# wet %mi#t (|?<-0,G01), ' TW percentage of to ta l  cytoplasmiQ BIAaso Ï I  
a c tiv ity  measured in  the "Oombimd P a rtic le s"  vma tw ioe 'as great in  the 
eareinomata compared with the normals, and th is  difference# too# was
© tatie tioeU y algnifiomit-(P<O*0O5)* -
I t  remains to' oomment‘briefly  on the result© for the enzyme §otivity 
per mg* protein found in  the particulate fraction of normal qerVix compered 
with the activ ity  fomid in  the supernatant of normal cervix* The situation 
d iffers  somewhat ’from’that which prevailed when th is  comparison was drawn 
'for the carcinomata# ' fo r  the activ ity  of both'ribonuoleases in  the particle# 
is  2 5 - 5^^ greater than the activ ity  o f'the aupernatant; the PHAase I 
activ ity  of the partic les is  more than threo^ffold, that of the supernatant | 
only with respect to MAase XI i s  "the activ ity  of 4he partic les in ferio r 
to that of the'Supernatant 9 .and here the 'difference is  a re la tively  m a ll  
one# ' ' ' '
TABLE 70,
Ho. of Gaseè
MoOerateljr nafgMtio Mialignaat
I I ' # 6
Alls* KJteas© pas Big. Pîïoteiij 
Aik. BSftaae peæ g. wat \mlaht
0.88
39*4
1.03
3 5 .9
0.65
30*3
âeid EHâaso pas? rag, Pÿotein 
âoia ï®Aas0 pe» g. wet w ei^ i
0*44
18,8
0*46
16*8
0,53
18.9
MAaae ï  poj; œg. FsQtsin 
DBAase I poi* g. wet v/ai^t
5 * r
2 5 5
10*13
3 6 7
6*37
247
PHAiasô II per? rag* Protein 
DNAase II per g* wet weight
6 3 * 6
2983
48.0 38.8
1643
A.,0. per »3g, Protein 
A,», per g, wet w ei^t
177 199
7757
99
3760
TABLE 70.
m #  AOTIVITIBiS OP 'gIVB SaPEBHATAET mmES 
m  C A ssis OP oB R V ieM i ' o m o iN o m .
eSOOPBB AOCOBDIia TO B1WÆE OF MALIOHANCY
*66,
The re su lts  e f  ©st.âBations of the p ro te in  m a tm t  of the mpornat&mt
aad p a rticu la te  fraotloh© of normal cervix are preeented in  Table 71 •
The pro tein  conteiit of the ,sup©riiatant, i s  of the ■ same order as th a t of
normal human breast tiasme# and only about a quarter of the p ro te in  content
of nosmal t% ro id  tiem e* The p ro te in  content of the p a r ticu la te  frac tio n s
measured ao "Combined P a ttio lea"  approxlmvta© much more closely  to  the
than
s itu a tio n  found in  b reast t ls s iic /to  th a t found in  tîg rç id  tissue# the mean, 
of s ix  sempleè being as Xpvi .ae.2*6.mg, pro tein  per g* wet weight > of cervix* 
As much as 94*#’ of the to ta l  cytoplasmic pro tein  i s  located in  the super- 
a  re su lt  not unlike th a t obtained with b reast tissue# m à  only 
5*7^ in  the p a r tlo ic s .
Two' principal featu res distinguish the carcinomata with respect to 
pro tein  content* Tîie f i r s t  I s  the fa c t that in  the eupernatent and in  
the p a r ticu la te  fractions# the y ie ld  of pro tein  per g# wet vieight o f tis su e  
le  g rea ter than in  the mormel cervix (fab le  J2 The mean content of 
supernatant p ro te in  per g* wet weight i s  60^ higher than th a t of the 
normals {F<0.;.05:>)# I t  w ill be observed th a t th is  îaeasi i s  associated with 
a high standard deviation; th is  a r ise s  large ly  throu#i the contribution  
to  the variance ©xeroisocbby one ©peoimen# the pro tein  content' of which 
was more than two-and-a#haIf time© th a t of the next highest in. the se rie s ; 
i t  i s  probable th a t fa ilu re  to  erad icate  blood*olot from the sample con­
trib u te d  to  th is  very l%h resu lt*  mean pro tein  ebntont o f 'th e
"Mitochondrial" frac tio n  of cerv ical carcinomata i s  8,5 mg* per g* wot 
weight of tissue# while the "Microsomal" fra c tio n  has a mean p ro te in  content 
of 9*§ mg# per g# wet weight* tlion the mean pro tein  content of the
TABLE YJL
ç f  % $ #  
G y to p la s m io  F r o t e i n
I
Bm
Mùè' Of
tissu èo
&*D,
i
i>
W
88.0 
■ t * 5  
1 6 .4 * 3 5 . ;?
.*< 0 .
94«4 
1.3. 
9 2 .5 * 9 5 .5  
6.45 
<  0*001
lOi of
tisau ee
@ É
Eaiîgo
& p;
8.6
8.1
o.9*6»5
4 . 9 5
c
S
5.7
■1.1
4.5-7.5 
6.06 
< 0,001
fâB M I
FHQTBIîr eOîîMT Of
8ta1(istiçal Heeults to. Ooiapsieison wltb 
fcoiïi Oojitéiist o f ÇSKYlcîsl Oasoliîomata
P r o t e i n  mg* ■ p e r  
g* w e t  # $ l # t  .
Peroentago of Total 
O y to p la s iü io  P r o t e i n
I t i o e u e e
a*D.*
46*3
34.2
1 .9 * 1 8 4 ,1
20
Î 5 . 2
7.7
K
ii
S i
g |
H
N o . o f
ibiesuea
s . s .
18
6.5
3.7
3.3*16.8
11.9
4. 3
€ # 6^ 23*4
(I
g***
Ife*  o f  
t i o o u o s
M ean
8 * 3 #  :
18
9. 5
3,7
3,9*18.2
1 8
13.6
4. 9
4*9*23.2
Ho#' O f
t i s s u e #
s i
PI
M e m
9  , $ .3 ).
g
B m g e
17*3„ ., 
7*1
3, 6*34,1
19
24*8
7. 6
11. 3* 43.4
7 2 '
moTEm Gomam' of oytokasiio fsacsions
O f o E E Y i m  o m q i B ( m m
1 6 7 ,
"GomMned Particle© ". w ae calcu la ted  f o r  - oqmparlQon with the correspm ding 
fraô tipn  of the normal cervix# the value was found to  be 1?*3 mg# per g* 
wet weight of tiesue* Applyiivi the te a t to  the data showed the 
partiou la ta  Content of, p ro tein  to  he s ig n ifican tly  higher than th a t of the 
normal cervix a t  the 0*1^ level of prohahility#
The second featu re  which dietingaishee the cerv ical carcinomata from 
the normal cervix with respect to  th e i r  protein  content i s  the re la tiv e  
d is trib u tio n  of the cytoplasmic p ro te in  between supernatant and partic les#  
fo r  the percentage of to ta l  cytoplam:ic protein  found in  the supernatant 
i s  only ?5#2# whereas th a t of the "Gaahinod P a rtic le "  frac tio n  i s  
Those differences from the mean percentages of p ro te in  incorporated in to  
the corresponding frac tio n s  of the normal cervix a #  both sign ifiera it a t 
the 0*1^, level# In pasBing# mention must he made of two aspects of the 
p ro te in  re su lts  fo r ' the "Oomhlned P a rtic le "  frac tio n  of cerv ical carcincmata 
th a t may a t  f i r s t  sigh t he considered anomalous* The f i r s t  i s  the low 
value of 3*é quoted fo r the lower lim it of the observed range of pro tein
i
per wet weight of tis su e g .th is  being lower than the  m n  of the two 
lowest values fo r  the "Mitochondrial" and "Microsomal" fractions* In 
fa c t th is  re su lt  was given by the sample in  which $ because of the low 
y ie ld  of partic les»  the two frac tio n s  were pooled p rio r to  analysis as was 
the case with most of the normal samples* The other seemingly anomalous 
featu re i s  the apparent discrepancy between the pro tein  content of the two 
frac tio n s per g# wot vïcight» and the percentage d is tr ib u tio n  of «^toplasmic 
pro tein  between the two* The two se ts  of data may bo reconciled by the 
knowledge th a t the four smploo of carcinomata from which p a rticu la te  
frac tions could not be obtained a l l  had 'à  content of supe:matant p ro tein
:i66A
aubstan tia lly  bolow the m m  fo r  the group# %ihm they axe exolmded the 
mean xiseo to  50 ♦? sig4 p ro te in  per g@ wet weight m  th a t the ra t io  o f  
©upersiatsnt p ro te in  to  p a r tic u la te  p ro te in  5D+?$l?*3 i s  In  aocord with 
the ra tio  ?5*2&E4#0 # lo h  ra f le o ta  the re la tiv e  percentage of cjtoplasBiic 
p ro tein  %ti the two .fraotione#
%z;nm Oonteat, of ,G.egvi.6.al C,ayotooniata
I t  idlX ho reca lled  th a t a  to ta l  of sixteen apeoiraeno were obtained 
from ' p a tien ts  with ce# la^^  aarcinomata suhjected to  rad ia tio n ; in  13 
oases# the paat#radlation specimen was obtained one week a f te r  radium 
im plantation in  which the dose adiainietored ^wae 6» 250 rads to  the surface 
of the cervix over a  40*50,hour period* In  th ree caeea# the poB t-radiation
©peoimon was taken a f te r  radium im plantation followed by eupexvoltage 
therapy# the to ta l  dose in  these m h jec ts  being o f the order of $#000 rada 
to  the surface of the cervix over a  four week period* The 'inolusloii of 
those la s t  tlixee specimens in  no b iases the resu lts#  since th e ir  on^rme 
content did not a l t e r  any more consisten tly  in  one é r e c t io n  than th a t of 
the sampXoa taken from p a tien ts  who had not boon trea ted  v/ith supervolto^ie 
therapy. % e advantage of including them in  the re su ltan t increase 
in  numbers which rendered s t a t i s t i c a l  analysis more productive of s i^ iif ic m it 
findings*
One featu re  which may appear b a fflin g  on preliminu%y oxasi^nation of 
the re su lts  i s  the varisation in  the numbers upon which the various mean 
values ,aro based* In  explanation# i t  can be s ta ted  th a t a supernatant 
frac tio n  warn prepaxed from a ll  16 specimens# but in  one# an accident 
occurring during cen trifugation  prevented a re la tionsh ip  being estab lished
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between the p ro te in  tmd ensyme content of the supernatant and the weight 
of the sample* The post*radiation  ©araples were in  general much emaller 
than the pne**radiation samples#' so th a t from several it- was not feas ib le  
to  oolXoot eu ffig ièn t pax tlou late  m aterial fo r  ana lysis; even where a  
sa tio fao to ry  p a rtieu la te  fra c tio n  was prepared# th is  was ïiot aW îys ade­
quate fo r  a l l  estim ation# and p r io r i ty  was given to  the o f ribonuc-
leases oinc.e le ss  m aterial was required than fo r  the deo3«yrihonuoleasos* 
from 11 éaiapXeSj w ell-defined "Mitochondrial" and "Microsomal" 
frac tio n s  were derived# Three fu rth e r smnples gave r is e  to  p a r ticu la te  
frac tio n s  in  which the amount of m aterial in  the separate d?aotions was 
not adequate fo r  analysis# but when pooled# su ff ic ie n t m aterial became 
available# On naked eye examination Of these frac tio n s  p rio r to  pooling 
of the material# the "Mitochondrial" frac tio n  was the predominant one# 
Consequently the data derived from the analyses ca rried  out on the pooled 
m aterial were compared with data derived by combining the two p a rticu la te  
frac tio n s of the p re -rad ia tion  speclBien from the same patient# and added 
to  the re s u lts  of the "Mitochondrial" frac tio n ; thus the number of 
observations on the e ffec t of rad ia tio n  on the oncyme content of th is  
fra c tio n  i s  14 fo r  the two ribonucleases# However# in  ca lcu la ting  the
percentage of the cytoplasmic a c tiv ity  present in  the various fractions# 
the re su lts  in  those th ree samples were not included with the "Mitochondrial" 
fra c tio n  which has fo r a l l  four nucleases a number of observations on 
th is  paraiïieter which are th ree fewer than the observations of a c tiv ity  
per mg# protein# Nevertheless# as the to ta l  cytoplasmic a c tiv ity  was 
now known# i t  nm  possible to  çalcule.te the percentage d is tr ib u tio n  of
protQip ana mgymea in  the augaanatant fraction of thoce throe tiasuea,
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a  atep whloh would not have boon poosiblo i f  th is  prooo^dnxo had not 
boon adopted#
A n  a gBm m l ruXo# i t  n m  bo s ta ted  th a t m Bm  of oexvim l oaxainoma 
which wo^ *e early  ùp moderately advmmed had a eeoond radimi in se r t ion 
and therefore hegmie availab le  the  removal of a fa r th e r  biopsy 
©pooimen* ààvmnné Oases were tre a te d  with only one in se r tioïi of radium# ’
' ‘ , . t
the balance being made up with amperVoltage therapy; in  addition# two
oases who would normally have had two radium implants wore oonsldored
. ■ ■ ■ , . ■ , . , 
u n f i t  fo r  two # n era l anaesthotios w ithin euch a short period# and one
implant only was administered* 0n the other hand not a l l  oases coming
to  theatre  fo r  a  second in se rtio n  were su itab le  fo r  removal of a  second
biopsy* Xn some# the lesion  took the fona of an n icer from which
, . . . ■ . , ; 
m aterial could not eaol3y be obtained; in  others# the e ffec t of the
radium was so dramatic th a t there  was l i t t l e  tumour m aterial availsible; 
in  y e t another group# the vasoulfarity of the cervix was such as to  occasion 
b risk  haemorrhage when the f i r s t  biopsy was carried  out# so th a t on 
e th ica l grounds an attempt to  meure a second sample was abandoned* I t  
follows from #11 th is  th a t no consisten t difference in  malignancy 
separated the group frcm which second samples wore obtained mid th a t from 
which auch samples could not be obtained*
I t  i s  on3y to  be expected th a t some difference in  the moan values 
fo r the p re -rad ia tio n  se rie s  from those given by #11 25 am bles of cer­
v ica l carcinomata would arise* I t  i s  g ra tify in g  th a t these d ifferences 
ore quite small# many of the vÀ ues ac tua lly  being identical*  For the 
purpose of evaluating the changes effected  by ir ra d ia tio n  of the tumour# 
th e 'p a ire d  re s u l ts  On each case were trea ted  according to  the Hull '
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&wâ the m lm  of' H* ■oaleuXatoâ# ' ■ ®i1b step was omittod only 
whore the â i f foresee hetween the meam# waa eo or the mmber of
eaaploe ahowing' e; oMnga- iti ome - â lreo tion  ao f w  aa' to ' v i t ia te  a l l  hope 
o f  d e m o n s t r a t i n g  a  a i g m i f i o a m t  f i n d i n g #
■ $he Qhmgm in  à o t iv i ty 'of both rihonuoleaaea iîi the aupernatatit 
whioh 'followed rad ia tio n  of ..the oervioal' oaroihosiata are preâêîited in
-J-V’H, ' . . .
feh le  73 $ 'ao tiv ity  'of tJilu- MAase 'per mg4' p ro te in  roa.e by
^50|S'to'the i>oat^radiatlon apeoimene^ Wid' in ' 13 out o f 'th e  1& individual 
opeoimeno '(P< 0 *02)* iW latiVe ' to  the wet o f the aamplos'there
was - however a  a lig h t f a l l  in  the - mean a c tiv ity  o f" th ia  enzyme* A lthou^ 
the  mean pero'entage ' of the ■ to ta l  ■ oytopla-omio 'ao tiv ity  fowid in  the auper- 
natm it f e l l  by only 4#^ # ' th is  'ooourred in  a au ffio ien tly  large number of 
the oases' to  render the f a l l  e ta tie tioalX y  o i# i f io m t ' (jp< 0#0^)# S!he 
mean ao tiv ity  of aoid I#Moe per m$* p ro tein  'roae by one^thlrd in  the 
supernatant ' of the poet^rad iation  group# 'but th is  r ia e  was re a tr ie te d  to  
10 eamplee and f e l l  ju s t  short o f s ta t i s t io a l  eig^ificm oe* h i t t lo  change 
in  the a c tiv ity  per B* wet weight-was noted, and althou#i the mean peroeh# 
tage of the cytoplasmic acid #A ase located in  the supernatant f e l l  to  
the eaia© extent as did th a t of alk* MAase# the number of individual 
oases in  which a r is o  in  the percentage was detected almost ©(pialled the 
number displaying a decrease, 00 th a t no significance attaches to  th is  
r e s u l t *
lone of the changes recorded in  the mean values fo r  BIAase I  a c tiv ity  
a f te r  rad ia tio n  (fab le  74 ) are of any sign ificance# since scrutiiiy  of 
the behaviour of individuiû eastiples sliows th a t the #anges in  each 
d irec tio n  are nearly  numerical terms* With BMas© I I ,  the
oA
I
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activity after radiation presented several bizarre features* Althou#i 
11 of the 16 ssaftples showed a 'f a l l  in  the a c tiv ity  per mg* proteiup 5 of 
the eamplee démonetmted a  not inooneidemble r is e  m  th a t the value of 
i a  # i t e  .email* %%em the a c tiv ity  Was r e l# ^ d  to  the  weight of 
eoiiiple# 12 of the 16 showed a fa ll#  emd the mean peet*-radiàtiou a c tiv ity  ■ 
per B* wet weight i s  l i t t l e  more than h a lf the mean of the pre^m diation  
saiïiplos (p< 0*02). Although the pereentage of the to ta l  oytoplaemic 
a c tiv ity  o f . #Acwe l i  rose in  B of 12 sm ples a f te r  radiation# the mean 
value ac tua lly  f e l l  s l i^ it ly *
fhe mean a c tiv ity  of adenosine deaminase in  the mpernatmit per mg# 
p ro tein  f e l l  by 36f  ^ in  the post#radlation  group as a whole (fab le  75 )# 
and in  g out Of 16 sample s# hut th is  f a l l  was not aigitifioant# On the 
other hand# the a c tiv ity  per g# wet w ei^it i s  halved, the f a l l  ooourring 
in  11 out of 15 oases ( f  < 0*02)#
All fourteen %litoohondrial frac tio n s  showed m  inoraase in  alk* 
BIAase a c tiv ity  per mg# p ro tein  (fab le  76 )# the mean value fo r  the 
post-rad ia tion  se rie s  being about f^0> higher than th a t of the p3?e*radiation 
se r ie s  (P< 0#00i)# fhe mem a c tiv ity  of th is  frac tio n  per g* wet w e l# t 
o f tis su e  i s  50jS h i# ie r  In  the post#radiation series# ten of the 13 
saiiiples showing an inerease compared with the a c tiv ity  of the correspond­
ing pre#*radiation specimen (P< 0,01)# fhc percentage of the to ta l  
cytoplasmic content o f th is  enzyme Iccated in  the ^^îitoehondrial** frac tio n  
rose In 9 out of 11 cases following radiation# the mean value increasing 
from 12#3# to  15#3^ (P<0#OD5)#
The e ffec t of rad ia tio n  upon the acid  BHâase a c tiv ity  of the 
"mitochondrial** inaction  i s  s im ilar to  the e ffec t reported above fo r  alk# 
MAase, Tima# there  i s  a  75# increase in  the mean activ ity  of the
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enzyme in  th ia  fm o tion  a f te r  ra d ia tio n , 12 out of 14 oases showing im 
e levation  (?< G#Ol)* The a c tiv ity  per g* wet weight found in  th ia  
fra c tio n  also  r is e s  by about 75# follow-ing rad ia tio n , though the elevation  
i s  re e tr io te d  to  9 oases out of 13 ( f  <0*©5)# Although the mean per* 
oentage of to ta l  cytoplasmic acid  HHAeee in  the "Mitochondrial" frac tio n  
r is e s  a f te r  rad ia tio n  by much the emae increment as was found in  th is  
parameter fo r  a lk . ItlAaeo, the elevation  i s  re s tr ic te d  to ^ out of 11 
oases and i s  not sign ifioa ïit in  the present series*
The Content of DEAase I  in  the **Mitoohondrial". fra c tio n  does not 
show much ohanga from th a t found in  the pre*radiation se rie s  (Table 77 
Indeed the iiiean a c t iv i t ie s  before and a f te r  rad ia tio n , whether expressed 
per mg, p ro te in  o r per g# wet w e i# t  are  remarkably close to  each other#
On the other hand,^ the sliare of the to ta l  cytoplasmic content of th is  
enzyme contributed by th is  f ra c tio n  r is e s  by : 9#  ^ 8 out of 9 individual 
samples sho?/ing an olevation* The content of DHAase I I  in  th is  fraction? 
on the other hand, shews a f a l l  in  the present series# Although the mean 
a c tiv ity  of th is  enzyme per mg# p ro te in  in  the **lîitoohondrial" fra c tio n  
f e l l  by pne*third of the p re^radiatlon  value, the e ffec t was not s ign ifi*  
cant since 4 of the 12 samples showed a not Inconsiderable r i s e .  likew ise 
9 out of 11 sempies showed a  diminished enzyme content in  th is  fra c tio n  
per g. wet weight of tissu a  a f te r  rad ia tio n , but the increase in  a c tiv ity  
which Cocurrod in  one case was so groat as to  render the changes in  the 
group as S' whole insign ifican t#  This tendency fo r  a general tre # : to  
be counterbalanced by an opposite change -in a m inority of specimens i s  
even more obvious when the data on the percentage d is tr ib u tio n  of the 
to ta l  cytoplasmic a c tiv ity  of W Ame I I  in  th is  fra c tio n  are examined;
m
&
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a lth ô u #  only 3 out of 9 eemiplçs chow an Increase in  th is  parameter, they 
o ffee tive ly  ra ise  the  mean to  a value which i s  % above th a t of the pm# 
r a d i a t i o n  g ro u p *
The behaviour of the hMiorosomel" frac tio n  a f te r  rad ia tio n  was in  
fiioet respect à faalitativoX y sim ila r to  th a t  reported above fo r  the 
"Ilito'OhoîidriaX" fra c tio n , #m c$. the mean a lk , WAase of the fra c tio n  
per mg, pro tein  (fab le  78 ) rose by 65?^ .* an elevation  being recorded in  
10 casos out. of I I  ( f<  0*005).,. and the acid #A ase rose by 77^  ^ of the 
mean a c tiv ity  per mg,# p ro tein  of the pre#radiation se riee , an elevation  
being recorded in  $ cases out of 11 (F<0#02), Although 7 out o f 11 oases 
displayed a  r i s e  in  the a c tiv ity  of those cnsymos in  the  *¥iierosomal" 
frac tio n s  per g.# wot weight of t is su e , the moan elevations by 230
of the p rc^rsd ia tion  value fo r  a lk , BIAasc end by 330 of the pre#radiation 
value fo r acid  FdlAase, with n e ith e r enzyme was the  r i s e  s ta t i s t io a l ly  
significant#  A s lig h t incroaee in  the |)oroeri.tago- of the to ta l  cyto­
plasmic content of both ribonuçleases found in  th is  frac tio n  occurred 
# t e r  rad ia tio n , but the changes were quite  variab le  in  individual samples 
and f e l l  f a r  short o f s t a t i s t i c a l  ©igï.iificance#
content of Hlâase t  in  the Microsomal" fra c tio n , on the  other 
hand, #owed a f a l l  a f te r  rad ia tio n , the mean a c tiv ity  per mg, p ro te in  
fa l l in g  from 10,2 to  7*^ u n its  and in  6 out of 9 cases (Table 79 )$ and 
the Bieen a c tiv ity  per g# wet weight o f tissu e  decreased from 103*0 to  
38., 2 u n its  and in  8 out of g cases î the l a t t e r  decrease only was eign# 
if ic a n t  (P< 0*005), Irikewise the percentage of to ta l  oytoplasmlo 
DHAase I  a c tiv ity  found in  the Micrceomal" fra c tio n  dropped from 2 0 .#  
to  13 ,#*  th is  f a l l  occurring in  7 out of 9 individual cases (?< 0,020). 
fho content of BIfâase I I  in  th i s  frac tio n  a lso  decreased, though not to
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quito # 0  same extent as the previous mizyme, fho m^m a c tiv ity  per mg# 
p ro tein  diminished by aimoet 2 #  and in  % out of 0 individual eaaes* but 
this- decroaao was not oignifioa^it in  the pro sont aeries# The mean a c tiv ity  
of the frac tio n  par g* wet weight of tissu e  diminished by 450 a f te r  rad ia tio n  
and in  8 out of 9 , individual caaoo (P< 0*Q2)% Althou#i the percentage
of the to ta l  cytoplasiBio a c tiv i ty  found in  the "MiorasomaX" fra c tio n  f e l l
. . .  '
in  6 out of $ oases* the overaXX e ffe c t was to  reduce the mean value by 
only 1,40#
The e ffec t of rad ia tion  upon the protoin content of the various 
frac tions of cerv ical cimcinomata l a  shown in  Tables 80 and # The 
f i r s t  featu re  of note i s  the remarkable f a l l  v/hich took place in  the 
pro tein  content of the supernatant* fhe mom content per g# wet weight 
in  th is  fra c tio n  was almost halved* a f a l l ,  usually  dramatic* occurring 
in  13 out of 10 cases (l*<0#02)# In 10 out of 14 oases# th is  re su lted  
in  a  drop in  the share of the to ta l  cytoplasmic pro tein  found in  the 
supernatant* so th a t the mean percentage f e l l  by 1 #  (p < 0 *05)# iXio mean 
pa?otein content of the %!itoçhondriaX" frac tio n  on the other hand# rose 
by about 1 mg# par g* wet weight o f tissue# and the percentage of the 
to ta l  cytoplasmic p ro te in  found i n  th is  fra c tio n  went up from a mem
value of 12,40 before rad ia tio n  to  a  mean of IB*-# a f te r  radiation*- th is
l a t t e r  #suX t being s i^ if io ^ m t a t  the X0 level# L i t t le  change took
place in  the p ro te in  content of the "Microsomal" frac tio n  m  a  re s u lt  of
radiation# The mean p ro tein  content per g* wet weight of tis su e  f e l l  
from 8*9 mg# to  8#3 mg# and although the percentage of to ta l  cytoplasmic 
pro tein  found in  th i s  f a c t io n  increased in  S of 11 cases# the overall 
e f fe c t m m  to  ra is e  the mean percentage from 11*4 before rad ia tio n  to
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14*5 after radiation^ and th is difference was w t  aignifiemt*
à careful scru tiny  of the data of individual eases did not .reveal 
any ooBsistent fac to rs  which.oould he co rre la ted  with"the observed changes, 
o ther them the # m m l  ru le  th a t the h l# e r  the enzyine content in  the 
pre*radlatlon sample, the more lik e ly  was i t  to  .demonstrate a f a l l  a f te r  
rad ia tio n , and vlce#versa* There were however many exceptions to  th is*  
HOither the age of the  p a tie n t, the degree of maXignanoy, the h is to lo g ica l ■ 
o r cXihical s ta te  o f the d isease , appeared to  determine the resp.ons© to  
rad ia tio n ; nor could changes in  one enzyme he correla ted  with changes 
in  m other enzyme except in  so f a r  as the f a l l  in  pro tein  content of the 
tleaue em #le was l ik e ly  to  lower the enzyme content of the sample 
generally whom the a c tiv ity  was re la te d  to  the wet weight* Indeed the 
p a tte rn  of m ^ im  response was so varied , th a t when the data fo r  the 
spec ifio  a c tiv ity  of the four nucleases m à  adenosine deaminase per mg* 
pro tein  in  the  supernatant were arranged fo r  each pa tien t and marked 
according as to  whether i t  rose or f e l l  a f te r  rad ia tio n , 11 d iffe ren t 
pa tte rn s  were given by the 16 p a tien ts  out of a possible 3S p a tte rn s , 
only one of which appe^^ r^ed -as often  as th rice  in  the ent:!.ro series*
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Bmplèa of blood (md toinO’ wore taken from 10 p a tien ts  before 
radiatloE^ and a t  various time in te rv a le  a f te r  rad ia tio n  as described 
in  M aterials and Methods* fhe fluc tua tions  of these components of serum 
and ur:ine ware quite la rge  in  the course of th is  work on individual 
patients#  In  genom l, the ribonucleasee of senmi and u rine , and the 
DIAnee I  content of u rine gave re&monably good rep roducib ility  fo r  the 
vetrious t e s t  samples taken p r io r  to  radiation* Quite & e# en tly , the 
r e s u lts  o f those te s ts  on th ree  separate occasions in  the same p a tien t 
agreed to  w ithin 1 0 ,  m d i t  was ra re  to  find  consecutive te s ts  before 
r^idiation d iffe rin g  by more than 2fpw One Value fo r  the 24-hour alk* 
■ïllàabe a c tiv ity  of the urine o f a p a r tic u la r  p a tien t was 750 h i# ie r  than 
th a t of i t s  companion urine co llec tio n  the previous day* Ho g rea te r 
divergence than th is  occurred in  the p re-rad ia tion  fo r these
enzymes carried  out on the same patient* On the o ther hand, the d if f ­
erence in  the values between p a r tic u la r  pa tien ts  p r io r  to  rad ia tio n  could 
be three-fold* A fter radiation# much more s c a tte r  was evident in  the 
re su lts  obtained over a  weekly period from mi individual patient* Thus, 
fo r  çxamplê't I t  was not uncommon fo r  two out o f th ree  specimens in  a 
given week to  y ie ld  re su lts  t^ ic e  m  high as those of the th ird  specimen 
fo r  one or more enzyme a c tiv itie s#  and the lowset re su lt  given by one 
p a tien t in  e, p a r tic u la r  week could be as low as one-sixth of the highest 
value given fo r  th a t eh j^ te -in  m other pa tien t fo r  the corresponding week 
of therapy*
With the deoxyribonuoleases of sermii and the DHAiaae IX a c tiv ity  of
W lm e #  ^ m i m o ù .  v / i t iU n  p a t i o n t s  # d  b e tw e e n  p a t i e n t s  was g r e a t e r  â t i X l #  ' 
priiaarily  due to  the veiy low vàluea -far these' enzymes deteetoâ ia-;thè 
te s t  ©aterial# 'I t  waa f a r  frem ra re  i m  no a c tiv ity  whatever■ to"be 
detected; y e t on o ther ocoaoiono, sporadic elevation  of a c tiv ity  took 
place* Thio variance was no  ^g rea te r a f te r  rad ia tion  than before rad ia tio n  
fo r  these enzymoB* % e estim ation of urinary deo^^nuolootideo w as  more 
sa tis fac to ry  from the point of view o f day-to-day v aria tion  shown by a n  " 
individual p a tie n t, hut the d ifferences hctweon p a tien ts  during the pre- 
llminaày isnveotigatione and a t  the smm point of treatm ent could he eigh t­
f o ld /
A f t e r  c a r e f u l  s c r u t i n y  o f  t h e  r e e u l t o ,  i t  m m  d e c i d e d  t o  p r e s e n t  t h e  
d a t a  i n  the fo rm  o f  t a b l e s #  aver% i% '% # a l l ' t h e  p r e - r a d ' i a t i o n  r e s u l t s  o n  m  
i n d i v i d u a l  p a t i e n t  t o  p to d h c e  a  s i n g l e  W c e - l i i i e  V a lu e  f o r  t h a t  p a t i e n t #  - 
T h e  d a t a  o n  t h e  s p e c im e n e  t a k e n  d u r i n g  a n d  i m e d i a t o l y  a f t e r  t h e  tw o  
i n s o r t i o n e  ' o f  r a d iu m  w e re  t r e a t e d  m  f o u r  s e p m r a t e  r e s u l t s ‘f o r  e a c h  p a t i e n t ,  
t h o u g h ,  o f  c o u r s e #  a l l  f o u r  r e s u l t s  w e re  o n l y  a v a i l a b l e  f r o m  t h e  s i x  
p a t i e n t s  o u t  o f  t h e  t e n  w ho tm d e r w o n t  b o t h  r a d iu m  i n s e r t i o n s *  T h e r e a f t e r ,  
a l l  t h e  r e s u l t s  o n  a  s i n g l e  p a t i e n t  w o re  a v e r a g e d  f o r  e a c h  w eek  o f  t h e  
f o u r  d u r i n g  w h ic h  t h e y  ^ m a i n e d  h o s p i t a l #  So  t h a t  f o r  e a c h  p e x a m o te r  
o f  onsyfBe a c t i v i t y  a n d  d e o s i y n u c l e o t i i e  c o n t e n t  t h e r e  a r e  f o u r ' f i g u r e s  
a v a i l a b l e  f r o m  e a c h  p a t i e n t  t o  ' c o v e r  t h e  p e r i o d  o f  s u p e r v o l t a g e  th o r a p y #  
e a c h  f i g u r e  i n  t u r n  b e i n g  t h e '  m e an  o f  tw o  o r  t h r e e  s e p a r a t e  o b s e r v a t i o n s  
p a t i e n t *  T h i s  d e v i c e  w a s  r e g a r d e d  a s  b e i n g  e n t i r e l y  j u e t i f i d S l a  
b e c a u s e  o f  t h e  i m p o s s i b i l i t y  o f  t a k i n g  a  s p e c im e n  a t  a  s e t  t i m e  i n t e r v a l  
a f t e r  r a d i a t i o n  t h r o u ^ o u t  t h e  t h o l e  f o u r - w e e k  x ^ e r io d ,  s i n c e . t h e  d o s e  w as 
f r e q u e n t l y  v a r i e d  om  t r e a t m e n t  t o  a n o t h e r  d e p e n d in g  u p o n  t h e  
t h e r a p i s t f e  e s t i m a t e  o f  p r o g r e s s ;  r a d i a t i o n  w as  g i v e n  o n  som e d a y s  o f  t h e
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m o k ' m à  n o t  o n  o t h e r s ;  - t h e  t i m e  o f  d a y  o n  w h ic h  r a d i a t i o n  w a s  g i v e n  
v a r i e d  f ro m  d a y  t o  d a y  a o o o r d i n g  t o  t h e  o r g a n i e a t i o n  o f  t h e  o l i n i c ;  ' a n d  
t h e  U se  o f  m o d i è a t i o n  w as r e q u i r e d ,  t o  a l l e v i a t e  t m d e a i r a h l e  p i d o - e f f e o t e  
i n  gome p a t i e n t s *  A l l  t h e s e  f e o t o r s  su tm tia ted  t o  a  f o r m i d a b l e , a e o m m l a t i o n  
o f  v a r i a h l e s  w h ic h  c o u ld -  n o t  p o s a l W y  b e  c o n t r o l l e d  i n  t h e  d e s i g n ,  o f  t h e  
o x p e i? i» ie n t # f o r  w h ic h  r e a s o n  a  v a l u e  f o r  a  p & i r t i c u l a r  w eek  i n  a  g i v e n  
p a t i e n t  b a s e d  u p o w m m  t h a n  o n e  o b s e r v a t i o n  i n  t h a t  w eek  was a  s t e p  
t o w a r d s  o b t a i n i n g  a  v a l i d ,  e s t i m a t e  o f  t h e  p a t i e n t *  s  r e s p o n s e  a t  t h a t  s t a g e  
i n  t h e  t r e a t m e n t #
•fe.Oummariso, there were in  a l l  ten  p a tien ts , seven se ts  of data fo r 
the four ntioloases of serwa and u rin e , and fo r the d eo^m çleo tide  content 
o f urine* arranged thus; tre -E ad ia tion  (Mean of tvm or three) ; F ir s t  
In sertio n  (s ing le  Observation) ■; F ir s t  Withdrawal (s in g le  Observation) | 
F ir s t  took {Mean of two o r th re e ) | -;#econd Week (Mean); Third W e^k (Moan); 
Fourth Week (Moan). In s ix  of these ten  pa tien te  there, were, fu rth e r  
spocimens thuss ■ Second In sertion  (Single Observation) # Second Withdrawal 
(sing le  Observation). The seven re su lts  thus obtained in  a l l  ten  p a tien ts  
wore subjected- to  a  two-way" ena iysis  of variance.
T h e  m ean  mines fo r  e a c h  in te rv a l o f  . t h e r a p y  a r e .  p r e s e n t e d ,  i n  t h e  
fo m a  o f  a  t a b l e  a t  t h e  foot o f  w h ic h  t h e  r e s u l t s  of the a n a l y s i a  of 
v a r i a n c e  a r e  a l s o  g iv e n # . ■ T h e  m e a n  v a l u e s  o b t a i n e d  f o r  t h e  S e c o n d  I n s e r ­
t i o n  a n d  s e c o n d  W i th d r a w a l  o f  R ad iu m  i n  s i x  p a t i e n t s  a r e -  a l s o  p r e s e n t e d  
i n  t h e s e  t a b l e s  a l t h o u g h ' i t  m ust: b o  u n d o r e t o c d  t h a t  they w e re  not i n c l u d e d  
i n  t h e  a n a l y s i s  o f  v a r i a n c e #  T h é  r e s u l t s '  o f  a l l  e s t i m a t i o n s  c a r r i e d  o u t  
o n  u r i n e  w e re  e x p r e s s e d  a s  a  concentration per m l#  of urine* as a 24- h o u r  
o u t p u t #  a n d  a s  a  c o n c e n t r a t i o n  p e r  mg# o f  c r e a t i n i n e #
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âithougli-, the purpose of the experiment was to  compare the ré su lté  of 
■investigatione carried  out during and .a fte r the èxpomtre of the p a tien t to  
therapeutic  doeea of rad ia tio n  with those ‘Obtained before the oommonoement 
of .therapy, in  the .same patient., a  se t o f data was also  obtained from ten . 
healthy ambulant eubje.cte# Oix of these .were females mid four were males, 
one .serum apeolmen and one .24’^ hour urine, specimen being obtained .under 
normal, working eonditione# fh ie  data appear© in  Tablea 82 and 84 .
The .average ago of the group,-was le a s  than h a lf th a t - of the p a tien ts  with- 
oervioaX oarcinoma#' As indicated* the aéx oomposlton ims d ifferen t#
The d ie tary  oonditiona ce rta in ly  varied  in  the two .groupa; . and while one 
group'was eonfined to  bed, the other was engaged .in a  .normal working day# - 
It- l e  ..therefore irre lev an t to  .compare the data .in the two groups, and the 
re a u lts  on th e  normal anbje.cts. are pre$.entod merely to  servo as. an indica­
tion, o f the, lev e l of a c tiv ity  md-. the degree of yarianoe one might expeot : 
to  find  in  a  healtljy mixed po.pulation#
Bffeet, of Radiation Dmn Serum HucXeaoe.. A e tiv itiea
# 0  re s u lts  obtained in  the ten  subjects fo r  a l l  four nucleases are 
presented in  fab le  83 » fii© mean values of the tv;o rlbonucleasos in  the 
pre-thorapy period are  close to  those of the nom al gronp# During therapy, 
there were s l i ^ t  elevations of c4k# IWâase a c tiv ity , the memi value fo r  
the f i r s t  week of therapy being the only one which f e l l  below th a t of the 
control period; end a l l  the moan values of serum acid  Bïlâaee a c tiv ity  
during therapy exceeded th a t of the control period! but such differences 
as occurred could not bo s ta t i s t i c a l ly  re la ted  to  the treaW ont# The very
TABLE 82.
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SESOIÆS OP SESmî BBOLBASE ASSAYS
#  usa;
All the data re fe r  to  a c tiv i t ie s  
pa r mi ,  of serum
m e a n  S .» «
Aik» MAaee 1»26 0,25 0,80»1,6§
Aeid KHAose 0*64 0,81 0,38*1.02
£ T»2 3.3 0,11.6
K 8,3 - 3*1 0,7.2
EIBOîWCmSSS
ACÏira’Y
Alkalino Acid
TABLE 83.
BBOXÏKÎBOîWCLE&Sffig
ACTIVITY
i I I
Pro Therapy U t B 0*59 3.8 1 .1
F ir s t  In se rtio n 1.35 0.62 5.0 2.5
F ir s t  Withdrawal 1#30 0 .68 2.4 0.9
Second In se rtio n 1 # 2 2 0 .70 4.4 2 .0
Second Withdrawal 1 . 1 $ 0.62 3.0 2 .0
%  1  
l l
B’i r s t  Week 1.16 0.62 3.8 3.0
Second Week 1 .2 0 0 .62 3.1 2 .1
Third Week 1.45 0.74 2.3 1.3
Fourth Week 1 . 3 8 0 .6 7 8 . 9 0 .8
" g§
Between Subjects 26 #89 25*63
Between Treatments X#63 0»9X
2#S 3.3
1 . 5 :
TABÏM 83#
æ o T  OP mmoM w w m T io H
M B  DB x-mY mnmpY npom
sm m  HUBimsE ACTivmiEs
Me^ m Eesnlts on Ten Sabjectss 
For Explanation of Time Intervals and 
Definition of ïïn its, See Text
All ae tiv itie s  as units per ml#
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h i #  vàriaBêra'-hot ween aiibje#©- was a featu re  of thèse re su lt  Oo
The mesm 'valtie f o r  # A aee  I  in  i?lie o e n tro l p e rio d  was, h a l f  th a t  
# e ç o r# â  im th e  group o f normal m b jeo ts*  A s l ig h t  imog^eaee in  th e  mean 
eemia, a c t iv i ty  o f  t h i s  enmyme occurred  during  th e  inaertio x i o f  radium u 
h a t m m  p i  th e  o th e r  mom value© d ic in g  therapy  a re  h igher' than  th a t  o f  
th e  e o a tro l periods meala .value f o r  ©qrum WAaoe T l a o t lv l ty  - in  th e
co n tro l p e rio d  was a lso  h a l f  th a t  o f th e  n'ormal group* Moat o f  th e  mean 
value© fo5? th i s  enzyme d arin g  them py  exceeded th a t  o f  the  c o n tro l period# 
The a t a t i a t l o a l  au a ly e io  o f th e  d a ta  d id  n o t rev ea l any s ig n i f le a n t  e f f e c t  
of therapy upon eon# deoa^rrlbomioleaee aotivit-iea, although the varianoo 
between eu h jeô ts  wag le e s  th a n  th a t  ©noounterod in  the  d a ta  on aezum 
rihonuoleases# ' ■ >
r W W # J W U W m j W m # #  '
% e reom lta f o r  th e  e x c re tio n  Of mwloaooe in  th e  u rih a  o f  patien t©  
b e fo re  and a f t e r  r a d ia t io n  a re  p re se n ted  as a  © onoentration of onsym© 
a c t iv i ty  per-mXi o f  u r in e  it% Table 85^ as  th e '. to ta l  omzymo ou tpu t p e r  
g4*hours in  Table 86  ^ and aei a  oonoontration  o f enzyme ac tiv ity  per mg# 
o re a tjn lu e  in  f a b le  8 7  #
The mean co n cen tra tio n  of alk-« BHâaee a c t iv i ty  p e r  ml-® o f  urlm e in  
low er than  th a t  o f  th e  normal group in  the  p re - ra d ia t io n  period# With 
e a #  imeortlom o f r^dimip th e  eom oentm tion rieee*  m à  a f t e r  each w ith ­
drawal o f radium f a i l a  again# IMving th e  f i r s t  two week# o f  aupervoitage 
therapy  th e  mean value  ie  o loaa to  th a t  o f th e  eohtro3. p e rio d , b u t over 
th e  l a s t  two weeks an elevatlO B oooura such th a t  th e  memi f o r  th e  fo u rth  
week i s  more th an  3 0  h i # e r  th an  th e  b asa l value* This e le v a tio n  i s
84»
TABLE 04# '
HESÜLTS OF ASSAY OF 
MB TOTALDfeOXBlXJOLEOmSS W  lÉUïE
OF m m  m h m m  B B m n m n
Bnite fo r Enzyme© are those defined in  text -  see "Materials 
and Methods" * Bnits fo r peoxymeleoticles equivalent to  
milligrajmaes BFA deteoted by Stmipf Reaction* ^  The un its have 
been adjusted, in  Some cases multiplying by 10 # in  order to 
fa c ilita te  comparison with the resu lts  as presented fo r the 
Radiation Series* '
TABLE a 4.
t o i t s  p e r  
ml# to in e
t o i t s  per
24 hours
t o i t s  per 
mg, Oreatinine
M e m
W#.W#
3.92
1 * 3 3
1 . 8 0 - 5 . 9 0
4 5 1 x 1 0 ’ ^
1 9 S saQ * ’
251-814x10'
4*40
1*03
2. 44* 8.16
I
S.B.
2.43
1.10
0.80-4,30
156X10'
12^-671x10—1-
2.53
1 ^ 5 4
1 # 2 0 -6 # 4 8
H
0 M e ma.D#
E m g e ,
27B
m
8 4 4 - 3 0 6
3
3 1 x 1 0 ^
274-402x10*
• 3 4 2  
33
248-401
, 1
a
0,B<
5*2
4.1
0-11
43.5x10-2
Hange 9,5-78,6xi0'*®
6,6x10*^
0-21x10®
513
334
145-1182
1 * 9
6.7
0-23
509x 10'
335x10*’®
142-1196x10*3
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Sta.ti0tloal3y lean t a t  the  2 * 0  loVel,, and the elevation  during the ,
f i r s t  radium inoortiom ie  J u s t  lee s  than th a t required  to  xaaoh a ign ifl#  
canoe a t  the 0  level# Tlie mean p re-rad ia tion  value fo r  the 24«hour 
output of alk# IlMa-so in  th© oarolnoma group i s  a l i t t l e  over 1 0  lower 
than th a t o f the control subjacts# The output f a l l s  somewhat during the 
f i r s t  in se rtio n  of radium and r is e s  q u ite ''su b stan tia lly  a f te r  withdrawal* ' 
The mean output during the f i r s t  two waeho of therapy is  below th a t of 
the basal value mud the ■ output during the la s t  two above the basal value 
but none of thoeo- diffèronces are s ta t i s t i c a l ly  le a n t, The mom 
oonoentration of a lk . Elâase before rad ia tio n  per mg* crea tin ine  i s  like#  
wise about 1 0  lower than th a t o f the normal subjects* The mean value 
ahows no # (# g e  duriïïg the f i r s t  radium in se rtio n  but increases by about 
during the f i r s t  withdrawal# though th is  increase i s  outside the 0  
aignifiçE-mçe lim it* During the period of suporvoXtago therapy# a steady 
r ie e  in  the mean takes place# the va3»ue fo r the th ird  week being s ig n if l-  
cm tly  higher them th a t of the basal period a t  the level# and the 
mean fo r  the fourth  week e lg n ifican tly  higher a t the 0  level# The 
varim%Ge between subjects was very great when alk* BHAuse a c tiv ity  was 
ost^resaed as a  concentration per ml* and very moh le ss  when measured as 
a 24-hour output I the variance between subjects when the re su lts  were 
e^préBséâ in  re la tio n  to  itrinas^ creatin ine was inteamedlate between these 
two#
#m  behaviour of u rinary  acid  IdiAase a c tiv ity  a f te r  rad ia tion  
diared many fea tu res in  ooitmien with th a t of alk* lIAase* fo  begin with# 
the moan p ro -m dia tion  concentration per ml# during the p ra -m d la tio n  
period# which was only 7 0  of the mean value found in  the nomml subjects#
TABLE 85,
«H IKE
KIBOMGLEfiSES
ACTIVITY
UEIHB
BEOXYHÏBOOTCLSÈSES
ACTIVITY
| l
Alkaline Acid I I I
Bla Therapy 2*95 1,86 251 22*4
F irs t Insertion 3.79 2,68» 209 8.7
F irs t Withdrawal 3.08 2.06 185 8.1
Second Insertion 3*63 2.54 228 8.0
Second Withdrawal 2.52 1.83 193 8*2
F irs t Week 2*96 1.95 196 5 .8
Second Week 2.95 1.99 191 6.0
Third Week 3.61 2.43 289 I 6 .7
Fourth Week 4.23* 3,00» 841 9 .1
Between Subjects 10,92 9.01 3.32 1,28
Between Treatments 2,68 2.92 1,12 0.78
significance P<0,025 F<0.01 Hot Significant
Fidaeial In terval t t
0*05 0*05
0*88 0*70
0*025 0.01
1*02 0*93
TABLE 85.
BFfioT OF RABTOM miFMKTATIOH
M B  m m  X-RAY m & m  m m  
m im  m m m sB  -qoigehtm tioi
M e m  R esults o n  fen  Subjectas u n i t s  p e r  m l# 
F o r  Explanation of T im e  I n t e r v e n e  and 
^ f in i t i o n  o f  to its#  See Text
* Dénotes S ign ifican t Result
I'
I
m i B E
m o m
ICKVlfflf 
Sotal 24-Hour
OHiis eg .
BioœiiBoMücmsEs
ACriVITÏ
Sotal 24-Hour
Output X 10 Output X 10"3
Alkaline Acid I I I
Pre Therapy 393 246 336 15.8
F irs t Insertion 341 227 209* 9 .5
F irs t Withdrawal 472 302 m 13 .5
Second Insertion 316 194 227 9 .6
Second Withdrawal 322 204 307 8,6
F irs t Week 357 218 277 8.1
Second Weak 377 229 276 9 .7
Third 7/eek 441 258 305 11.3
Fourth Week 439 280 296 12.3
Between Subjects 4* S3 4*14 17*53 3*23
Between Treatments 1*46 1.16 2*77 0*50
Significance Hot significant P<0*025 Hot8igi
Fiducial Interval tO+025
76
TâBÏ® 86.
EFFECT 0F BADÎÜÎI imàlTATlOK
AM îffiüüP IHSRÆPÏ m m
mi'ia, zw io m  mmm m c m s E  AGü?iv:m:E3
Mean Heeultis on ‘.fen Subjects:
For Explanation of Time Intervals and 
Definition of Dnits» Bee Text
* Denotes Significant Result
BRIBE
RIBOHUCLEASES
ACOTOT
TABLE «.'Y.
m m m
DEoxïHiBOîroemsBs
ACTIVITY
&■
S|
^  0  0  ^
8
I
Alkaline Acid I I I
Pre Therajgr 3*8? 2.40 322 14 .2
F irs t Insertion 3.80 2.48 193 «• 8 .6
F irs t Withdrawal 4 .8 6 3.07 282 12.S
Second Insertion 3 .46 2.28 . 242 10.8
Second Withdrawal 3*38 2.24 242 8 .6
F irs t Week 3 .72 2.23 292 7 .7
Second Week 4 .43 2,65 270 9 .3
Tliird Week 5 .46  ® 3.33  « 338 19.1
Fourth Week 5.14  * 3.34  * 314 12 .0
Between Subjects 7*20 9.63 9 .7s 3*76
Between Treatments 2 .75 2.35 5.04 0.89
Significance P<0.025 P<0.05 KO.OOl Mot s3
Fiducial Interval tO.05
1.196
tO.05
9.842
to.ooi
105
tO.QS5
1*379
TABHÎ 8?.
BgPECT OF RAPim BffMBTATIOH 
ASB p æ  X-RAY TflEMPY BPOM 
mmffi] MtiCLEASEi ACTIVITIES
Mesa Results on Ten Subjeots 
Ssprsasod as B aits per mg. Creatinine
Denotes S ig n if io a n t R e su lt
1 8 3 .
tQB0 by wmrly tbo i#aeætlg% of 3ga#%m aiid f e l l  to  the
hm al v ^ u e  aftoï? withtotwali th ie  patteæm m s  :r#ea ted  in  the $i% eubject» 
#ho hûd e. eeoond ino03?tioB. % ying euperévoltage therapy# a ateadlÿ
elevation  of a o tlv ity  ooourred eueh th a t the mean value during the fourth  
week wae ^ 5  h i# e r ,  than- the  baeaX value# She elevation  during the 
f i r s t  in se rtio n  wan eip iifioem t a t  the 5?^  level# and the r is e  during the 
fourth  week was e ign ifioan t a t  the 1^ level# 'She mom output of the 
en%mie per 2#hour$ in  the period p rio r  to  radiation# whioh was a l i t t l e  
lower than th a t of the normal m hjeote# showed a f a l l  during the f i r s t  ' 
radium in se rtio n  and a r i s e  upon withdrawal of the radiuiaj the mean values 
during the f i r s t  two weeks of superVoltago therapy were somewhat below the 
basal value I and during the l a s t  two #eks they,'were somewhat above the 
b a s a l  level# but none o f these changes from the pre«radiation period were 
of s i g n i f i c a n c e *  fihen the Urine acid  B ^ A ase  output w a s  re la te d  to  urinary  
creatinine# the mean fo r the pre^radiation  period was a l i t t l e  lower than 
th a t of the normal subj sots* # e r e  was a  e l i c i t  increase i n  th is  v a l u e  
during the f i r s t  in se rtio n  o f . radium followed b y  a  r is e  o f  a b o u t  2 5 #  a f te r  
withdrawal* A steady elevation  in  the v a l u e  occurred during the period 
of supervoltage thoï^apy* th a t fo r  the f i r s t  week of therapy being somewhat
below the basal value, m d th a t  fo r  the fourth  week being 14(# of the 
basal value* îhe  mean values fo r  the la s t  two weeks of therapy are indeed 
s ig n ifican tly  #cve th a t of the pre^radiation  period (P< 6*05 fo r both).
In  contrast to  the previous ensyme# the variance between subjects when 
the a c tiv ity  of acid  #A ase was re la te d  to  urinm y creatin ine ie  somewhat 
higher than th a t found Wien the re su lts  were expressed merely as a 
concentration per ml*,T(jhile the variance between subjects of the  24*hour
output Qi the 1$ very muoh lower.them both*-
Whot m m  DMwo I  coacohtratiom of the urine in  -the- oaroinoma p a tien ts  
p r io r  to  rad ia tio n  was 2gl im ite  per ml* empurod with a mean of un its ' 
per ml* In the momal group* #hlq v m  higher- them rni^ mean value during 
the period of treatment* fhe lowest .moan value was reçorâed after, the 
f i r s t  withdrawal of m dimi and gradually roso during superyoltaga therapy- 
although the basal level vm# not # l t o  reaolxed* #xio f a l l  during therapy 
was" not however e ig n if ie m t when -euhjeoted to  enalyoie of variance* When 
the  output wap ealoulated per g4^hours# the- same general f u l l  was ohoervedw 
I te o  partieulunly# the basal value# which was olooo to  the mean fo r the 
- aom al group# dropped by 4#^ t e i n g  the f i r s t  insertion* and-rose -to 80# 
upon withdrawal of-the radium# A sim ilar f a l l  followed by a  r ie e  jcesulted 
in  those p a tien ts  eubjootod to a  second in se rtio n  of radltua* During the 
four week© of supervoltage therapy# the mmn values fluc tua ted  over a 
narrow range, the highest of the four means W in g -10# lower fâim  the meea 
£om the pro^fadiatioB  period*- -fho f a i l  during the fiszat-. insertion'-^was 
çi#iifiçE m t e,t the 2#g# lev e l f  none -of- the other mean values d iffe red  
s ig n ifican tly  from the banal mean* Mu# the some p a tte rn  was obseazved 
when the output of .BIAaee I  was re la te d  to  urinary omatlmlne* flie moan 
foi? the 'pne^nadiatlon period waà about 7# lower thaïi th a t o f the nor^aal 
group and a f a l l  to  about 60#'.,of th is  value# s ig a ifio an t a t  the 0*1# level# 
ûoouxrad during the f i r s t '  rad ii# '.insertion#  followed by a r is e  to  almost 
g(ÿo of the i n i t i a l  mean* - In  those- p a tien ts  who had .a second in se rtio n , 
the m m i decreased,- though le s s  d ra s tic a lly #■ and showed .no. e levation  upon 
withdrawal* During the feus? weeks o f eupervoltage therapy# the mean 
fluc tuated  to  values a l i t t l e  above o r a l i t t l e  below the basal mean*
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#10 yarianoe betwom ambjeots was Very gi'oat when t|io mz^um a c tiv ity  
was measured por ml# of urine,# aomowbat le s s  when measured per mg# of 
creatinine,# and le a s t  of a l l  when moaoured as a 2#hour output*
# 1 0  meim a c t iv i ty  o f DIAaao I I  p a r ml* o f u r in e  in  th e  p re .^ rad la tlo n  
p e rio d  wae fo u r  tim es th a t  o f  th e  normal B ubjecta, and vea^ mti0i h ig h e r 
than  th a t  o f any mhoe%uent p e rio d  during  therapy# However, i t  i s
meceoea^^ to  imdiéaio th a t t h l& h i#  moan i s  unrepreaentative of the group
\
m  a  whole# elnoo .one. subjoot who averaged 1?0 u n its  per ml* p rio r to  
rad ia tio n  contributed of the to ta l  a c tiv ity  from which the mean value 
i s  derived* From the time of the f i r s t  in se rtio n  of radium onvxarde# the _ 
mean value fo r  the group remained close to  8 u n its  per ml* of urine# with 
the 03:coptlon of the t h i r d  week of eupervoltage therapy, when a r i s e  to  
$ moam value of l6*7 im±t$ per ml* took place# %hen the BHilaae II output
#W measured per 244%ours# the mean fo r  the -pre#radiatlon period was only 
twice the mean fo r  the normal group# and though in  no mb8o%uent period 
wan the moan excretion ©f |>Maso I I  fo r  the cmrcinoma patien te  m  high eg 
th a t of the basal period, the f # l l  which took place during the f i r s t  
in se rtio n  of radium wae net as s tr ik in g  as th a t coourring when the re su lts  
are expressed simply m  a eoncentration# Fu.rthemore, following with*» 
drawal of radimi# and during the I m t  two weeks of eupervoltago therapy,
I . _ .
the mean 24**hour output of DMase I I  approached the  value found in  the 
pre-eradiation period# A sim ila r p ic tu re  emerges when the re su lts  are 
expressed per mg* of creatinine* fhe  mean a c tiv ity  fo r  the period p rio r 
to  rad ia tio n  was about twice th a t of the momml subjects and was followed 
by a f a l l  during the f i r s t  in se rtio n  of radium* During wlthdraiml of the 
radium, and again during the l a s t  two weeks of suporvo lta#  therapy the
186#
mem, value ros© to  a level close to  th a t of the control period» duriiig 
the th ird  week the value f03? the control period was ac tua lly  exceeded* 
fliQ variance hotween subjects i s  le s s  fo r th is  engyme than fo r  the other 
four urinary nucleases, but no s ig n ifican t findings emerged upon aualyeis 
of the resu lts*
E ffect o f  .Eadiation Uuqu Drinprv .Dsoxvnucléotide,. Excrétion
As described in  the section  dealing with M aterials end Methods, the 
to ta l  urinary deoxynuoleotides were measured by the method of $tumpf (194?) 
using an acid  blank- to  correct fo r  non**»speoiflo colour formation in  the 
u rine  smples* îhe mem concentration, measured as mg* DBA par 100 ml* 
urine  was 2? *7 fo r  the carcinoma p a tien ts  p rio r to  comaencement of radio* 
therapy comp^ r^ed with the mean of 43.5 fo r the normal group, but th is  
d ifference was not s ig n ifican t because of the high vmzicmco associated 
with both group#, Minor fluqtuaticm s in  the mean concentration took 
place during the ea rly  therapeutic  prooeedures, but from the second week 
of aiipervoitage therapy onwards, th is  value was above 40 mg« DBA per IQCMI* 
fh© elevation was not s ta t io t ic a l ly  significant#  fhe mean 24*hour output 
of deoxynuclootides in  the carcinoma p a tien ts  p rio r to  rad ia tio n  was only 
75^ of the mean fo r  the normal subjecto* A f a l l  in  the mean during 
in sertion  and a r is e  following withdrawal characterised  both radium treat»* 
mentsf During the four weeks of deep K*ray therapy the output was higher 
than tha t which occurred in  the pre«radlation period, but once again, the 
elevation was not s ta t i s t i c a l ly  sign ifican t#  ^he output of deoxynucleo»» 
tid e s  in  the carcinoma p a tien ts  p rio r to  rad ia tio n  re la tiv e  to  th a t of
çraatin iïio  was about 75?^  of th a t occurring in  the normal group* A f a l l  
* See Tables 84 and 88.
TABLE 8 g *
mg*. : 1g ,  DIÂ mg* î f l â
per 100 ml*' per 84 heure per g# Oreatinino
Wm Themiy #v? 301 3S0
, F ir s t  In sertio n  .24*8 222 229 *
fir e t Withdrawal 30*4 # 9  S>5
■Second In se rtio n  25*6 200 242
Second 43-.0 360 3?0
^  t i r â t  Week 2?*9 430 431
I f e  Second Week 45*8 232 596
S), § ÎM sd Week 44*3 465 5 & Î
M  ® Poarfch Week 41.8 208 499
m
g g  Between Subjects 23*0 1S.6 25.0
Between Treatments 1*50 1*67 2*31
Sianifioanco l o t  sig* Hot e ig . ' 3<O*05
Fiducial In te rv a l t 0*05
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m w m s  OF m p im  miPLABmTiom 
m'B mmp x -m i m m m r 
m m  m m m x  m  m o m m o ia T im s
AB IBABOHEI) M  T #  8 1 % ^ H1SA0TIO1
llean Eeaults on Ten Subjeets 
^ Denotes S ign ifican t HeauXt
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took place during the f i r s t  in so rtio n  of radium followed by a  dramatic 
r ia a  in  the mean value, and the same pa ttern  miB repeated in  thé six
subjecte who’received a çecdhè radium treatm ent, fhe memi values recorded ;
!
during the four weeks of deep therapy were consisten tly  higher.than
the moan fo r  the control period^ lowever, when the re su lts  ere  subjected
to  analyais of variance, the only finding of s i^ iif ican ce  i s  th a t the 
output per mg» creatin ine  during the in se rtio n  of radium i s  low compared 
with th a t which 'followed withdrawal of the radium and the la s t  throe weeks 
of supervoltage therapy (?< 0 , 0$); but i t  i s  not s ig n ifican tly  lower 
than the output of 'deoa^uoloçtidçs- re la tiv e  to  crea tin ine  which took 
place during the control period, which value in  tu rn  ia  not s ig n ifican tly  
lower than th a t of any of the values occurring during therapy* The 
variance between pubjoots i s  Very high, but lo ss  so when tho dooa^nuoleo# 
tid e s  are measured as a 84^houaz output per patient#
80 f a r  as the re su lts  on nuclease and déoxymçlootid© output following 
rad ia tio n  are concerned, it 'rem a in s  to  add th a t a Careful attenipt was made 
to  re la te  a  biochemical response 4 c ith e r  an increase or a deoreaso » to  
a o liîiioa l response# In the time th a t has elapsed since treatm ent, the 
ra d io th e ra p is ta s s e s s m e n t o f the 'général woll«being of the p a tien t and 
the change In siso  of the tumour form, the only basis fo r  such a ro lation#  
sh ip . A ll the p a tien ts  are s t i l l  a liv e , the longest survival being fo r  
28 months, so th a t i t  i s  not possib le  to  diyide the p a tien ts  in to  groups 
based upon surv ival. At the present time, throe of the ton p a tien ts  
appear to  have done le s s  well than the  ^greup as a whole, as, gauged by 
subjective and objective c lin ic a l c r i t e r ia  such as persistence of discharge, 
bleeding, pelv ic  discomfort and i r r i t a t io n ,  weight cîiang©, and tumour
TABLE B j f î ,
M (g
dvônp A
, ■ X0|, 
Ù 4  '
SSatlro Group
m
I
I
>5j«?
1
I
I
fh l rd ’Week
"j
Fourth Week
ïhir#,. Wèek 
Fourth Waeit
ÛO
1 #
110
83'
m
146
# 0  W#pom@e éhoim %  three patien té  â) i$
compared # t h  th a t ù$ a l l  tém patien te  undergoing 
radiotherapy (% tim  # e  mmji value fo r
OXôrotiou of riboTOÇleasçB amâ to ta l  doo^aïuoleo*» 
tideé. per mg*. o reatiiiine êm ?i#  tM ' th ird  and 
fùW # weeks of aupex-voltago thempy .is expressed 
as a  pereoutm# of the meE# value fo r ths&t group 
during the basal period*..
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rogSGssloKi. Examination of the data for those snhjects inducod an
imp3X3SSion th a t , re la tiv e  to  the r e s t  of. thé gWUp, there was l l t t l o  
response ±u the  excretion of urinary  ribonucXeasee and deoxynuoleotides*
In  support of th is  iiiipreoaibn, the mtput of ribomoXea.ees and of deoxy»- 
m oleotidee vdth respect to  th e  output of creatin ine during the la s t  two 
weeks of deep X#ray therapy hàye been expreeeed as a percentage o f the mesm 
fo r  the p ro-rad iation  period, the re la tiv e  data fo r  theee three Bubjeote 
and fo r the en tire  group of 10 oubjeoto being preeonted in  Table 89 .
I t  w ill read ily  be apparent th a t the tlmee subject0 in  Question produced
a poor response to  rad ia tion  which f o i l  considerably below th a t of the
group as a whole* Two of the th ree  subjects, were placed in  the Highly 
MaXignajit group and one in  % the Moderately .Malignant group according to  the 
q r i to r ia  Outlined e a r l ie r  Inl^this section# The other coven subjects were 
c la ss if ie d  as follows: higiïly Malignant 2| Intermediate Group 2;
Moderately Malignant 3# '
In  view of the remarkable variance between subjects in  th is  small 
s e r ie s , an attempt was made to  discover whether suoli fac to rs  as age, degree 
of maliggumcy, and body weight, could explain the difference in  output of 
urinary  nucleases and deoxynuoXootidos with special reference to  the control 
period* Ho explanation was forthcoming from those sources# Renal t ra c t  
involvement and pyuria wore not present in  those p a tien ts , a l l  of whom had
had Oystoscopic examination a t  the time of the f i r s t  radium insertion#
Among the fac to rs  th a t were carefu lly  observed during the period of radio»* 
therapy, the development of g a s tro - in te s tin a l symptoms received special 
attention# Three pa tien ts  reacted  to  rad ia tion  with the development of
severe diarrhoea# While the concentration of nucleases and deoxynucleotides
189
per ml* of urine isi those p a tien ts  was higher than th a t of the a^emainder, 
triO to ta l  output per 24 hours tended to  f a l l  below. avoa?ago boeausô of 
imduoed urino' volume,..,hut tho oirbput re la te d  to  ua?lna:i?y oreatin ine was not 
oonoiotontly d iffe ren t from th a t o f 'th e  group as a whole taking In to  oon- 
eidoration the otsga of thorax>y th a t had heon neaohed a t  the time diarrhoea 
developed#
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D X B C Ü B SIO M
P r e l i m i n a r y  O a t l i n e
I n  v i e w  o f  t h e  l a r g e  b o d y  o f  d a t a  t o  b e  o o n e i d o r e d  a n d  
t h e  v a r i e t y  o f  m a t e r i a l s  t o  w h i c h  t h e y  a p p l y ,  i t  i s  d e s i r a b l e  
t o  o u t l i n e  t h e  s c h e m e  t h a t  w i l l  b e  f o l l o w e d  i n  d i s c u s s i n g  t h e  
r e s u l t s  o f  t h e  p r e s e n t  w o r k *  E a c h  o f  t h e  t l n z e e  o r g a n s  s t u d i e d  
v ; i ] . l  b e  c o n s i d e r e d  s e p a r a t e l y ,  T h e  s i g n i f i c a n t  f i n d i z i g s  v / i l l  
b e  e u m m a r i e e d ,  a n d  t o  t h i s  e n d  s u m m a r y  t a b l e s  h a v e  b e e n  p r e - *  
p a r e  d o  T h e  n a t u r e  o f  t h e  e n z y m e  a c t i v i t i e s  w i l l  b e  d i s c u s s e d
i n  r e l a t i o n  t o  t h e i r  c y t o p l a s m i c  l o c a t i o n « D i f f e r e n c e s  b e ­
t w e e n  n o r m a l  a n d  p e , t h o l o g i c a l  t i s s u e s  w l ] . l  b e  e x a M n e d  f o r  a n y  
r e l e v a n c e  t h e y  m i g h t  h a v e  t o  t h e  d i s e a s e  p r o c e s s *
T h e  d a t a  r e l a t i n g  t o  t h e  e f f e c t s  o f  r a d i a t i o n  u p o n  c e r v i c a l  
t u m o u r s  a n d  u p o n  n u c l e a s e  l e v e l s  o f  b l o o d  a n d  u r i n e  w i l l  b e  
d i s c u s s e d  g a n d  c o m p s i r e d  w i t h  t h e  r e s u l t s  o f  o t h e r  i n v e s t i g a t o r s  
w h o  h a v e  e x a m i n e d  t h e s e  e f f e c t s  i n  a n i m a l  e x p e r i m e n t s *
I n  t h e  f i n a l  s e c t i o n s ,  t h e  g e n e r a l  c o n c l u s i o n s  t o  b e  
d r a w n  f r o m  t h e  p r e s e n t  w o r k  w i t h  r e g a r d  t o  t h e  b i o l o g i c a l  r o l e  
a n d  i n l ; r a c e l l u l a r  l o c a t i o n  o f  t h e  e n z y m e s ,  a n d  t h e  l e v e l  o f  
t h e i r  a c t i v i t i e s  i n  m a l i g n a n t  n e o p l a s i a ,  w i l l  b e  s e t  a l o n g s i d e  
t h e  p r e s e n t  c o n c e n s u s  o n  t h e s e  p o i n t s  w h i c h  e m e r g e s  f r o m  a  
x w i e w  o f  t h e  r e l e v a n t  l i t e r a t u r e
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THYROID
findinga ( Summary Tables A -  O)
The a lk ,  MAase co n ten t o f  e l l  th re e  f ra e t lo n e  o f  th e  gland in  
HasiLimoto*B th y r o id i t i s  i s  in c reased  r e la t iv e  to  th e  p ro te in  conten t 
o f  th e  f r a c t io n  and to  th e  wet weight o f  th e  tis su e*  Oaroinonm o f  the  
g land i s  a s so c ia te d  w ith  an in c reased  a c t iv i ty  in  th e  sup ern a tan t only? 
and even then? t h i s  in c re a se  i s  r e la t iv e  to  th e  p ro te in  con ten t o f the  
superna tan t and i s  not found when normal and carcinoma a re  compared on 
a  wet weight basis*  The allc. IMâase conten t o f th e  organ in  th y ro to x ic o s is  
and in  benign n eo p lasia  shows no s ig n i f ic a n t  d if fe re n c e  from th a t  o f th e  
normal gland by any o f  th e  c r i t e r i a  studied* The d is t r ib u t io n  o f th e  
ensyme i s  s im ila r  in  a l l  examples o f th y ro id  tis su e ?  and so f a r  a s  one 
can judge from th e  techn iques o f  th e  p re sen t study? th e  ensyme i s  p re ­
dom inantly p re se n t in  th e  su perna tan t although i t  i s  no t concen tra ted  
r e la t iv e  to  p ro te in  in  any one f r a c t io n  o f  th e  cytoplasm .
Acid Hi/iase i s  in c reased  In  a l l  th re e  f r a c t io n s  o f  th e  oyboplasm 
in  llaehiaioto*s th y r o id i t i s  r e la t iv e  to  p ro te in  content* l%en? however? 
th e  weight o f  th e  organ I s  taken  in to  consideration? th e  a c t iv i ty  o f  th e  
su perna tan t i s  not s ig n i f ic a n t ly  in c reased  over th a t  o f th e  normal gland 
whereas th e  p a r t ic u la te  f r a c t io n s  a re  very much more a c tiv e  in  t h i s  re sp e c t 
th an  those  o f th e  normal gland* I t  appeal’s  th a t  a  s h i f t  in  a c t iv i ty  has 
taken  p lace  to  th e  ex ten t th a t  th e  p a r t ic le s  comprise a much h igher per­
centage o f th e  t o t a l  cyboplasïiiia a c t iv i ty  o f  th e  Hashimoto t i s s u e  and th e  
superna tan t a  co rrespond ing ly  lessex’ percentage than  th a t  o f  th e  normal 
tiiy ro id  superna tan t * N eith er benign? nor m alignant n eo p la s ia  a l t e r
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aoid MAaee aotivi-ty o r d is tr ib u tio n  in  the thyroid except in  so f a r
as the percentage of the cytoplasraio a c tiv ity  located in  the **Mlorosomal"
fra c tio n  of caroinoriîata i s  increased and th a t of the supernatant decreased;
supernatant
hut thyrotoxicosis i s  associated with a higher content o f/ac id  BiAase 
per mge pro tein  and per g , wet weight; the *%iorosomal" frac tio n  o f the 
thyrotoxic c e ll  contains a higher sp ec ific  a c tiv ity  of th is  enzyme than 
i t s  counterpart in  the normal thyroid , The d is tr ib u tio n  of aoid BWAas© 
in  the oytoplaBJB favours the supernatant even more timn was the case 
with the previous enzyme? except fo r th y ro id itis  as has already been 
indicated*
DHAaee X i s  very s ig n if ic an tly  increased re la tiv e  to  pro tein  in  the 
supernatant o f Hashimoto tissue? but no o ther change which is  s lg n iflean tly  
d iffe ren t from the norimal i s  apparent in  th is  condition*’ The a c tiv ity  
of th is  ensyme i s  also  elevated in  the supernatant of thyroid oaroinoma? 
but only re la tiv e  to i t s  p ro te in  concentration; byt contrast? the a c tiv i ty  
of both p a rticu la te  frac tio n s  i s  elevated but only re la tiv e  to  the weight 
of the tissue* The sp ec ific  a c tiv ity  of the *'Mitoohondrial" fra c tio n  le  
elevated in  the tliyrotoxic gland? but th is  i s  the only change apparent in  
th is  condition» Benign neoplasms are not associated with changes in  
BMase I  ac tiv ity*  A higher percentage of the to ta l  cytoplasmic a c tiv ity  
of th is  ensyme i s  present in  the p a rticu la te  frac tio n s of thyroid in  a l l  
the conditions examined than was the case with the previous two ensymos; 
in  every instance the *l\!icroBomal** fra c tio n  was more ac tive  re la tiv e  to  
p ro te in  content and contained a g rea te r share of the to ta l  cytoplasmic 
a c tiv ity  than the "M itochondria lfrac tion»  The supernatant? re la tiv e  
to  i t s  p ro tein  content? was much la ss  ac tive than the p artic les?  and yet
oontainecl 50- 60^ o f  th e  t o t a l  o jto p la sm io  a c t iv ity *  Only minor and
in s 5-g n if ic a n t changes in  th e  d is tr ib u t io n  o f  t h i s  ensymo wean enoounterod
in  p a th o lo g ic a l c o n d it io n s  o f  th e  thyroicU
In  many r esp ec ts?  th e  r e s u l t s  f o r  MAase I I  a c t i v i t y  are  th e  most
in te r e s t in g  ob ta in ed  in  t h i s  s e r ie s *  In  th e  f i r s t  p lace? th e re  i s  a
p a tte rn  o f  in c r e a s in g  a c t i v i t y  r e la t iv e  to  p r o te in  co n ten t ev id en t in
th e  supernatant i f  one arranges th e  t i s s u e s  in  th e  fo llo w in g  orders
normal? benign neoplasm? h yp erp lasia?  cancer? and th y r o id it is *
S ig n if ic a n t  d if fe r e n c e s  e v id en t when th e  a c t i v i t i e s  o f  th e  f r a c t io n s  are
measured r e la t iv e  to  th e  w eight o f  th e  t i s s u e  oomprlBo e le v a t io n s  in
to x ic  supernatant and b oth  p a r t ic u la te  f r a c t io n s  o f  carcinomata*
Although th e  p a r t ic u la te  f r a c t io n s  o f  a l l  th e  abnormal t i s s u e s  s tu d ied
have a  s p e c i f ic  a c t i v i t y  g r e a te r  than th a t o f  th e  corresponding f r a c t io n
o f  th e  normal gland? th e se  d if fe r e n c e s  are s t a t i s t i c a l l y  s ig n i f ic a n t
o n ly  fo r  th o se  o f  th e  t o x ic  g lan d  and fo r  th e  "M itochondrial" f r a c t io n
o f  carcinomata* In  th e  normal g land and? fo r  th e  most part? in  a l l
o th er  c o n d it io n s  ex cep t th y r o to x ic o s is ?  th e  s p e c i f i c  a c t i v i t y  o f  th e
supernatant i s  h ig h er  than  th a t  o f  e i t h e r  % )articulate fr a c t io n *  Con**
saquently? more than 8o^ o f  th e  a c t i v i t y  o f  th e  cytoplasm  I s  %)resent In
th e  supernatant in  a l l  t i s s u e s ;  but w ith in  t h i s  g en era l c o n te x t , the
r e la t iv e  p rop ortion s show oonsiderab le  v a r ia tio n *  In  th y ro to x ic o s is
th e  "Microsomal" f r a c t io n  conta/ins a  h igh er  p ercentage o f  th e  cytop lasm ic
a c t i v i t y  than th o se  o f  th e  normal gland? w h ile  In  cancer and th y r o id it is ?
both  p a r t ic u la te  f r a c t io n s  co n ta in  more than double th e  percentage o f  th e
cytop lasm ic  a c t i v i t y  p resen t in  th e  comparable f r a c t io n s  o f  th e  normal
gland? and th e  supernatant in  both co n d it io n e  c o n ta in s  eorresp on d in g ly  
le ss*
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The a c t i v i t y  o f  adenosine deaminase in  th e  auiiernatant o f  human 
thja’o id  d is p la y s  a p a ttern  o f  change In  th e  p a th o lo g ic a l s ta to e  examinecl 
in  th e  p resen t imrk which i s  remarkably e iB iilar  to  th a t found w ith  th e  
p rev iou s ensymo* Thus? w ith  r e sp e c t  to  p r o te in  content? th e  t i s s u e s  
can he arranged in  th e  fa llo w in g  orders norïiial? adenoma th y r o to m c o e is?  
cancer? and thyroidita.a® furtherm ore; t h i s  same order i s  fo llo w ed  when 
th e  a c t i v i t y  i e  nieasurod r e la t iv e  to  th e  w eight o f  th e  t is s u e *
The in te r p r d a tio n  o f  th e s e  f in d in g s  i s  a s s is t e d  by knowledge o f  th e  
p r o te in  conten t o f  th e  f r a c t io n s  in  th e  c o n d it io n s  stu d ied *  A p r o g r e ss iv e  
d ecrease  in  supernatant p r o te in  per g , o f  t i s s u e  i s  found in  tho fo llo w in g  
o r d e r g normal? to x ic?  adenoma? carcinoma? and th y r o id it is *  The on ly  
d if fe r e n c e  fro m /fo rm a lity  found in  th e  p r o te in  con ten t o f  th e  p a r t ic u la te  
f r a c t io n s  arose  In  th e  "Microsomal" f r a c t io n  o f  t o x ic  th y ro id  where a  
s ig n if ic a n t  decrease occurred* I t  should perhaps be mentioned th a t  th e  
"M itochondrial" and "Microsomal" fr a c t io n s  o f  th e  carcinom ata had a 
h ig h er  p r o te in  con ten t per g ,  o f  t i s s u e  than th e  normal s e r ie s?  a lthough  
th e se  d if fe r e n c e s  were not s t a t i s t i c a l l y  s ig n if ic a n t*  In  th e  normal 
gland? more than o f  th e  p r o te in  conten t o f  th e  cytoplasm was lo c a te d  
in  th e  su p ern atan t, In  carcinoma? t h i s  percentage was co n sid era b ly  l e s s  
and was a s s o c ia te d  w ith  a marked in c r e a se  in  th e  r e la t iv e  p ercen tages o f  
cy top lasm ic  p r o te in  lo c a te d  in  th e  p a r t ic u la te  fr a c t io n s*  In  th y r o id it lB ,  
th e  p r o te in  con ten t o f  th e  supernatant r e la t iv e  to  th e  whole cytoplaem  was 
decreased? though t h i s  d ecrease  was not s ig n if ic a n t  in  th o  p resen t s e r ie s f  
on th e  o th er  hand? th e  in c r e a se  In  th e  p ercen tages lo c a te d  in  th e  "Mito­
chondrial"  and "Microsomal" f r a c t io n s  were s ig n i f i c a n t ly  increased*
When a sm a ller  numbor o f  t i s s u e s  were examined under th e  ra th er
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d if f e re n t  co n d itio n s  employed in  S e rie s  I I ,  tlie on ly  s ig n if ic a n t  d i f f e r ­
ences d e tec ted  in  th e  su p ern a tan t were in creased  DNAase I I  and adenosine 
deaminase p e r mg* p ro te in  and p er g* wet weight? in  th e  to x ic  t i s s u e s  
compared w ith th e  normal gland* Ho d if fe re n c e s  in  ensyme co n ten t o f  the  
to x ic  t i s s u e  r e la t iv e  to  th e  normal were ev iden t when a c t i v i t i e s  were 
expressed  r e la t iv e  to  th e  JMk con ten t o f the  tis su e s*  However, when t h i s  
param eter o f  enzyme a c t iv i ty  was employed? the  alk* HHAase a c t iv i ty  o f  
th e  adenomata was s ig n i f ic a n t ly  h ig h er than  th a t  o f  bo th  normal and to x ic  
gltinds* I t ,  must he mentioned th a t  h igher vaJuies fo r  a l l  th e  en^ynea were 
oh ta ined  in  th i s  s e r ie s?  and an attem pt w ill  he made to  c l a r i f y  th e se  
d if fe re n c e s  below*
Ensyme In to r -E e la t  ionahips in  Humat«^Ti nt a i # %i 1M ,AW 'i,yi k,r r  v ,, ',r  n u r n. i
a )  âlk* and âe idJS A aoe
The n a tu re  o f  th e  ensyimio degradation  o f HMâ. by th e  e x tra c t  a used in  
t h i s  study  a t  a lk a lin e  and a c id  pH has no t been ch arac te rised *  In  p a r t­
ic u la r?  data, a re  lack in g  which would perm it a  d ec is io n  on th e  question  
whethei* th e  a c t i v i t i e s  measured a t  th e  two pH values a re  a t t r ib u ta b le  to  
a  s in g le  However? i f  th e  ra ,tio s  o f  th e  a c t i v i t i e s  in  th e  super­
n a ta n t o f  nomml and to x ic  th y ro id  t i s s u e  a re  considered? i t  w il l  be 
apparent th a t  in  t h i s  f ra c tio n ?  th y ro to x ic o s is  must b r in g  about a p re fe r ­
e n t ia l  in c re ase  in  th e  a c t i v i t y  o f  an ac id -o p th aa l BHAase w hile leav ing  an 
a lk a lin e -o p tim a l BHAase u n affec ted ; o r  a l te r n a t iv e ly ,  tho  m etabolic  
d is tu rb an ce  r e s u l t s  in  a  s h i f t  in  pH optimum o f  i\ s in g le  ensyine towards 
th e  ao id  side* The second ex p lan atio n  I s  l e s s  l ik e ly  s in ce  such an 
e f f e c t  has never %)revlously boon dem onstrated f o r  th i s  onsymo; thus?
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w hile X - ir ra d ia tio n  causes a  s h i f t  in  p!I-optlmmm o f  BïBlase I I  towards th e  
a d d  (d o u tio r -P iro t te  and fhonnard , IggG ; Gout 1er and O o u tie r -F iro tte ,
195Î ) am attem pt to  dem onstrate t h i s  p o s s ib i l i t y  f o r  EHAasa y ie ld ed  
n eg a tiv e  r e s u l t s  (B leliel and lo th ,  I 9 6 2  )* The suggestion  th a t  in c rease  
in  th e  a c t iv i ty  o f  ao id  MAasa might ho d i r e c t ly  a s so c ia ted  w ith  tliy ro - 
to x ic o s is  g a in s  support from th e  f in d in g  th a t  a d m in is tra tio n  o f  thy rox ine  
to  tho  r a t  causes an e le v a tio n  o f t h i s  enayme in  l i v e r  (H eld, 1 9 6 Û)# 
A lte rn a tiv e ly , i t  i s  p o ss ib le  th a t  th e  in c rease  in  a c id  EiAa’se in  th y ro -  
to x ic o s is  may a r i s e  as  a  consequence o f  changes in  th e  c e l l  popu la tion  o f  
th e  organ, b u t t h i s  seems u n lik e ly  s in ce  s im ila r  changes in  c e l lu l a r i ty  
a re  encountered in  adenomata ami in  th y r o id i t i s ;  in  n e i th e r  o f those  
co n d itio n s  was any suggestion  ob ta ined  th a t  a c id  lllAase a c t iv i ty  m i^ it be 
inc reaso i p r e f e r e n t ia l ly  to  th a t  o f  alk* EBAaso® C lea rly , i t  would be o f  
in te r e s t  to  a s c e r ta in  whether t h i s  iiiereaso  in  a c id  EBAase a c t iv i t y  occurs 
in  o th e r  organs o f  th e  th y ro to x ic  su b je c t, ami whether i t  ie  a c t iv e  th y ro id  
hormone o r  one o f th e  e x tra - th y ro id  f a c to r s  h e ld  re sp o n sib le  f o r  th e  
i n i t i a t i o n  o f th y ro to x ic o s is  {Adams? 1 9 ®  ) which s tim u la te s  a c tiv i ty *
The d a ta  on th e  th y ro to x ic  t is o n s  throw fu r th e r  l ig h t  on th e se  
r e la t io n s h ip s  by re v e a lin g  th a t  th e  s p e c if ic  a c t iv i ty  o f  aXte. HMasa in  
th e  "M itochondrial" f r a c t io n  i s  more than  double th a t  o f  th e  su p e rn a tan t, 
w hile th e  s p e c if ic  a c t iv i ty  o f  a c id  RiAaee in  t h i s  f r a c t io n  i s  lo s s  than  
5 O7Î above th a t  o f  th e  supernatan t*  Two in fe ren ces  may be drawn from 
t h i s  observation* TUb f i r s t  i s  th a t  th e  EBAase a c t iv i ty  o f  sup ern a tan t 
and o f m itochondria i s  due to  se p a ra te  ensysiic sp ec ie s  a t  th e se  s i t e s ,  
although i t  i s  probable th a t  du ring  th e  p rep a ra tiv e  procedure some o ro se- 
contam ination ta k e s  p la c e . I t  i s  u n lik e ly  th a t  th e  m itochondria.
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would adsorb preferentially alk« HHAase to euoh an extent that they had a 
higher epeolfio a c tiv ity  than the supe3?mitant;, and th is  could only take 
place i f  thyroid supernatant alk* and acid Rf'îAase were d istin ct easynes 
with quite different capacity for adsorption to mitochondria. The 
converse p o ssib ility  -  that the supernatant euEs^ mo ie  derived from 
ruptured mitochondria -  would require the disruption of more than 9O/0 o f 
tho mitochondria during the preparative procedure. This i s  unlikely on 
three groundss f ir s t ly ,  the variation between alk. tmd acid EHAase activ ity  
ratios in the three fractions o f the different t is su e s1 secondly, the 
a b ility  o f mitochondrial preparations to liberate active enzyme when sub­
jected to ultrasonic disintegration -  especia lly  MAase I -  a finding which 
indicates that in the preparations obtained, preservation of membrane 
in tegrity  had occurred (see Page 122 ); thirdly, in  thyroiditis? the 
sp ecific  a c tiv ity  o f supernatant alk. EMase exceeded that of the mito- 
ohoKHdrial onsymo, and in adenomata and carcinomata the sp ecific  activ ity  
of supernatant acid EMase equalled or exceeded that o f tho mitochondrial 
onsyiie, although the presence o f non-thyroid ce llo  in these conditions 
must also be kept in îîdnd.
I t  remains a p o ss ib ility  that the a c t iv it ie s  measured can be attributed  
to an acid MJAase confined to the supernatant? but s t i l l  with, considerable 
a ctiv ity  at pH 7*4 which i s  increased by variable contributions from 
release of an elk . EfAas© normally confined to the mitochondria. In turn, 
the acid HIMase a c tiv ity  of those organelles might bo duo to a c tiv ity  of 
alk. I&A&mb at pH 5 *^  together with adsorption of some aoid IWAaee from 
the supernatant* This interpretation would be in accord with tho 
situation  prevailing In rat liv e r , where the supernatant contains an
98.
aoid EMase (Beiâ and lodes? I 9 6 3  ) and tho mitoohondria an alk* HMsBe
(Both, 1 9 5 4  3 1 9 5 6 a; 195Î I Both a t  aX«? 195T I de Lamlrand© o t a l* ,
1 9 5 4  I do La^nirand© and Allard, 19594* However, both WAasoa have been
reported in a l l  fraotione of ra t liv e r by various groups of investigators,
few of whom attempted to separate the two ac tiv itie s  in th e ir  material,
and scant attention has been given in the past to consideration of cross-
contamination. A return w ill be made to th is  point when a,ttemptlng to
integrate the data on a l l  tissues obtained during the present work a t the
close of th is  discussion.
tim in g  now to the statue of EMas© activ ity  in the "Microsomal"
fraction of human tliyrold, th is  is  hard to define on the baBis of the
present work, as indeed is  the relation between th is  activ ity  and that of
tho supernatant. Only in the thyrotoxic gland was the s p e c if ic  activ ity
of acid HHAas© greater t?aan that of alk. EMaso in  th is  fraction, but in
i t s e l f  th is  observation requires th© presence of a t least two d istinc t
liMaseB in the "llicroacmal" fraction* I t  could bo that thyroid micro-
eomes themselves have both alk# and acid BEAase as an integral oomponent
of the ir ©naymlc apparatus with the former predominating except in
thyxotoxicosis where the factors responsible for raising the activ ity  of
acid EMass in the supernatant also conspire to elevate aoid BHAase of
mloroBomes. There is  abundant evidence for the existence of both
enzymes in microsomal preparations of animal tissues such a© ra t liver
(Both, i 9 6 0  ; 1 9 6 3  p Martin et a l . ? 1963 ; Morals and d© Lamlrande, 1965 %
mouse pancreas© (Dicteam and Trupin? 1 9 5 8  ; Hickman and M orrill, 1959 ;
Morris and Hickman, i 9 6 0  ), guinea-pig liver ( le s lle , I 9 6 I ; Martin e t a l . ,
1 9 6 3  % gu in ea-p ig  pancreas (81 eke v i t  s  and Palade? i 9 6 0  % goat b ra in  
(3>atta e t  a l* ,  I 9 6 4  ), Heha- c e l l s  (L e s lie , I 9 6 I  % a s  w ell as  in  microsomes
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f v o m  plant tism ies (Kessler and Engelberg, 1$62 ) and yeaate (Banner and 
Morgan, 1963 % Another p o ss ib llit j  !©■ that the alk# ElAaso a c tiv ity  of 
the fraction i s  due to thé mitochondria It contains, while
the acid RiJAase a c tiv ity  i s  due to lysosomee in  the preparation# With 
regard to the f ir s t  p o ss ib ilité , electron microscopy revealed that some 
mitochondria are undoubtedly present, but, their niM#0r would be quite 
inadequate to account for the fact that both fractions have a%)proximately 
the same sp ecific  activ ity; thyroid micro some© must have considerable 
in trin sic  activity# The aoid SNAaee a ctiv ity  of the "Miorosomal" fraction, 
i f  attributable to i t s  lysosomo oontont, would require very low mvabers of 
these organelles in a ll  the tissu es studied except toxic thyroid, einc© 
the activ ity  at pH 5# 6 f a l l s  l i t t l e  slxort in moat samples of that wkioli 
might he due to function of an alkaline-apt^jsal cnsyme at th is  pE*
I t  seem  more l ik e ly ,  in  view o f  a ©imilar f in d in g  w ith th e  su p e rn a tan t, 
th a t  the  increased  s p e c if ic  a c t iv i ty  o f  ac id  Hlâase in  th e  "Microsomal" 
f ra c t io n  o f to x ic  th y ro id  i s  due to  th e  s tim u la tio n  o f  an ac id  HMae© 
liA e re n tly  p resen t in  th ese  p a r t ic le s  bu t norm ally p resen t in  very low 
co n cen tra tio n  o r  in  a masked s ta te*  The la te n c y  ex h ib ited  by many 
microsoBiaX Efâaaà p rep a ra tio n s  h m  been conc lusive ly  dem onstrated, and i s  
indeed a  b io lo g ic a l n e c e ss ity  in  view o f th e  high EM conten t o f  these  
p a r t ic le s  (Hickman and T rupin, 1958 ; Bic'maan and M o rr il l , 1959 ? Both,
I960 ; 1962 ^
Because o f doubts whether tho  c e n tr ifu g a l f i e ld  u su a lly  employed in  
th o se  s tu d io s  would s u f f ic e  to  sediment a l l  the  mlcrosomos, and because 
s to rag e  o f th e  t i s s u e s  a t  ^20^ 'might occasion  the  ra p tu re  o f  lÿsosomesp 
th e  p o s s ib i l i ty  must be considered  whetlmr th e  superna tan t a c t iv i ty  might
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bo aasoo ia ted  w ith microsomal m a te r ia l which remained suspended a f t e r  
c e n tr ifu g a tio n  fo r  1 hour a t  35?O00g, and whether th i s  a c t iv i ty  could 
a r i s e  from ru p tu red  lysoeomes. On th re e  occasions, th e  supernatan t 
a f t e r  th e  standard  d i f f e r e n t ia l  c e n tr ifu g a tio n  was sub jec ted  to  105, 000g 
in  the  SpincD p rep a ra tiv e  u l tra c ô n tr ifu g e  Model B fo r  one hour. The 
s p e c if ic  a c t iv i ty  was u n a lte re d  by t h i s  procedure, and th e  tra n s lu c e n t 
p e l le t  which was obtained? contained  no more than 55^  o f  th e  t o t a l  a c t iv i ty
o f th e  supernatant# The speed o f  c e n tr ifu g a tio n  does not th e re fo re
■ ■■ ■ ■ \  
appear to  be c r i t i c a l .  To check th e  e f f e c ts  o f  s to rag e ,' th re d  g lands
were obtained w ith in  m inutes o f  su rg ic a l removal and were procéssed
w ithout delay  so th a t  th e  homogênate was prepared no more th an  h a lf -a n -
hour from th e  tim e o f removal* This m od ifica tion  d id  not a f f e c t  th e
s p e c if ic  a c t iv i ty  o r  th e  d is t r ib u t io n  o f  the  ensymo in  any d e te c ta b le
fashion*
This d iscu ss io n  has taken  no account o f th e  p o ss ib le  ex is ten ce  o f 
HMase in h ib i to r s  in  th e  v ario u s f ra c t io n s  since  no d a ta  bearin g  upon 
t h i s  to p ic  wore o b ta in ed . Changes in  such faotox's should however not 
be e n t i r e ly  ignored in  a ttem p ts to  in te rp r e t  the  changes in  ©nsyme 
a c t iv i ty  which were found in  t h i s  in v e s tig a tio n , and i t  i s  probable th a t  
in form ation  concerning th e  ex is ten ce  and co n cen tra tio n  o f such in h ib i to r s  
would a s s i s t  in  c la r ify in g  th e  s itu a tio n *
b) DMase I  and MAuse I I
I t  seems l ik e ly  th a t  in  the  cytoplasm o f human th y ro id  two d i s t in c t  
ensyiea a re  p resen t which p a r t ic ip a te  in  th e  dopolyiaerieation o f DM*
One, which i s  a c tiv e  under co n d itio n s  optim al f o r  DNAase I  a c t iv i ty  i s  
p resen t in  high co n cen tra tio n  in  th e  p a r t ic le s  although they  account fo r
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3l©B8 than $0^ o f th© t o t a l  oytoplaBmlo a c t iv i ty  measured under these 
conditions* The other? which is  active under conditions optimal for 
DNAase I I  is  distributed more evenly throughout the three fractions in 
BO far as i t s  specifio activ ity  is  concerned, with the supernatant 
aooouoting for more than 80^ of the to ta l cytoplasmic activity* The 
DNAase X activ ity  of the supernatant Is  very low, and might almost re­
present vestigial DNAase I I  ac tiv ity  under the assay conditions sine© 
f o r  the most part i t  is  about o f the DNAase II  activ ity  of th is  
fraction* An alternative possib ility  is  that i t  represents leakage of 
©nsî i^e from the particles* I f  th is  were bo, i t  would represent rupture 
of about half the particles concerned# Since i t  Is unlikely that DNAase II  
would remain completely inactive under the conditions employed for MAasel 
assay, the actual percentage of DMase I -containing organelles which have 
undergone rupture in the preparative procedure is  likely to be lower than 
th is  figure. The distribution of DNAase I between the two particulate 
fractions favours the microsomss* I f  a unique in tracellu lar s ite  for 
th is  ensyme is  sought, i t  ia  unlikely to be the microsomes, since the 
degree of microsomal contamination of the mitochondrial preparation 
Observed on electron microscopy could not account for the presence of 
sitch activ ity  as waia found in th is  fraction» The only organelle© that 
could be distributed between the two fractions in anything like the ratio  
found for thfeir DNAase I ac tiv itie s  a re  light mitochondria or lysosomes»
The l a t t e r  are unlikely sources of DlAaae I since in most tissues the ir 
ensyîBlo potential is  restric ted  to aoid hydrolases including DNAase II  
(Da Dave et al», 1955 I 1962 ; Beaufay et al«? 1957 % I t  is  of course 
possible that both mitochondria and microsemes contain DNAase I but that
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i t  i s  p résen t in  h igher co n cen tra tio n  in  th e  l a t t e r .
One o th e r  p o s s ib i l i ty  rem ains. I f  one were to  make th e  assum ption 
th a t  only  one M Aam  i s  p re se n t, and th a t  i t  resem bles DIAase I I  in
requ irem ents, i t  i s  not d i f f i c u l t  to  accept the  DBAase I  a c t iv i ty  in  the
v ario u s fraction©  which i s  so very  much le s s  than  th e i r  DMasa I I  a c t i v i t i e s  
as being due to  DNAase I I  a c t iv i ty  under th e  unfavourable con d itio n s 
employed fo r  MAase 1 assay# To account f o r  th e  DNAase X s p e c if ic  
a c t iv i ty  o f the superna tan t being so much lower than  th a t  o f  the  p a r t ic le s ,
one could p o s tu la te  th e  ex is ten ce  in  t h i s  f r a c t io n  o f  a DNAase I  W ilb ito r*
T his suggestion  i s  q u ite  liypo thetioa l but a t  l e a s t  has th e  v ir tu e  o f being  
amenable to  experim ental v e r i f ic a t io n  since  i t  should not be d i f f i c u l t  to  
t e s t  f o r  the  ex is ten ce  o f  such an in h ib i to r ,  o r  to  seek means o f e s ta b lis h ­
ing  by p u r if ic a t io n  procedures whether th e  two DNAase a c t iv i t i e s  a re  due 
to  th e  same ensyme pro tein#
Turning to  DNAase I I ,  and oonsidering  fo r  the  tim e being  the  id e n t i ty  
Of tho  enzyme a c t iv i ty  measured in  th e  p a r t ic le  f r a c t io n s ,  th e  question  
once more re so lv e s  i t s e l f  in to  two a lte rn a tiv e s^  e i th e r  m itochondria and 
microsome© con ta in  th e  same onsyae? q r th e  a c t iv i ty  measured in  th ese  
f ra c t io n s  d e riv es  from an o rg an e lle  which i s  common to  both* The poss­
i b i l i t y  th a t  th e  l a t t e r  might be th e  lysosome i s  more accep tab le  here  than  
i t  was when DNAase I  was under co n s id e ra tio n , in  view o f th e  known pro­
p e r t ie s  o f lysosomoB (see  above re fe re n c e s ) . I t  i s  lo g ic a l to  enquire 
whether the  superna tan t enzyme could a lso  derive  from breakdown o f the  
(a lle g e d ly )  f r a g i le  lysosome©* On two counts th e  answer must be in  th e  
negative# The f i r s t  i s  th e o re t ic a l ;  as  Bany as o f  th e  to t a l
lysosomes o f the  homogenate would heed to  be rup tured  during  th e  proper, a t  ion
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o f  th e  f r a o t i O B S  t o  a e o o i m t  f o r  t h e  a c t iv i t y  a s s a y e d  in  t h e  
B u p e r n a t a n t ?  I n d e e d ?  in  t h r e e  o f  t h e  f i v e  g r o u p s  o f  t h y r o i d  
s a m p l e s  e x a m i n e d  ( n o r m a l ?  oaroinoma a n d  t h y x ^ o i d i t i e )  t h e  s p é c i f i é  
a c t i v i t y  o f  th e  s u p e r n a t a n t  exceed ed  t h a t  o f  h o t h  p a r t i e l s  
fr a c t io n s #  T h e  second  i s  p r a c t ic a l ;  where h o m o g e n a t e s  were 
f r e s h ly  p r e p a r e d  w i t h i n  30 m i n u t e s  o f  r e m o v a l  o f  t h e  g l a n d ?  n o  
d im in u tion  i n  t h e  J M A a a e  I I  a c t i v i t y  l o c a t e d  i n  t h e  su p ern atan t  
w as found* :
O o m p a r i s o n  o f  R e s u l t s  i n  S e r i e s  I  wit h  thOBO o f  S e r i e s  I I
T h e  c o n d i t i o n s  e m p l o y e d  i n  t h e  p r e p a r a t i o n  o f  t h e  s u p e r ­
n a t a n t  in  S e r i e s  XX d i f f e r e d  from t h o s e  o f  S e r i e s  I  i n  t h a t  
h om ogen isa tion  w a s  p r o l o n g e d  from t h r e e  m i n u t e s  t o  f i v e ;  O .X J M - ,  
IC G l w a s  u s e d  i n  p l a c e  o f  0 . 2 5 S “ S u o r o s e i  t h e  c o n c e n t r a t i o n  o f  
t h e  h o m o g e n a t e  w a s  1 0 ^  ( w / v )  i n s t e a d  o f  2 0 ;^  ( w / v ) ;  and p o s t ­
m o r t e m  s p e c i m e n s  s e r v e d  a s  n o r m a l  c o n t r o l s  i n  p l a c e  o f  n o n -  
a f f e c t e d  a r e a s  o f  g la n d s r e m o v e d  s u r g ic a l ly .  I t  i s  th e r e fo r e  
o n l y  t o  be e x p e c t e d  t h a t  s o m e  d i f f e r e n c e s  betw een t h e  r e s u l t s  
o b t a i n e d  i n  t h e  t w o  s e r i e s  w o u l d  a r i s e ,  b u t  t h e  m a g n i t u d e  o f  
t h e s e  d i f f e r e n c e s  i s  i n  some i n s t a n c d s  s u r p r i s i n g  a n d  d e m a n d s  
e x p l a n a t i o n *
T h e  p r i n c i p a l  changes t o  b e  e x p e c t e d  o n  t h e o r e t i c a l  g r o u n d s  
a r i s i n g  f r o m  th e  m o d i f i c a t i o n s  a d o p t e d  i n  S e r ie s  I I  a r e  i n c r e a s e d  
d e s t r u c t i o n  o f  n u c l e i  a n d  cy to p la sm ic  p a r t i c l e s  a n d  l e a c h i n g  
o f  s o l u b l e  p r o te in  e v e n  f r o m  t h o s e  s t r u c t u r e s  m ain ta in in g  t h e i r
2 0 4 .
i n t e g r i t y ^  S i n c e  i n h i b i t o r s  o f  H M A ase  a n d  o f  D N A a s e  t e n d  t o  
b e  m o r e  l a b i l e  t h a n  t h e  e n s y m e e  t h e m s e l v e s  ( R o t h ?  I 95604 1 9 6 2  ; 
B o t h  e t  a l * , 1 9 5 8 a .;  B h o r t m a n ?  1961 3 l o i e e l l e  a n d  C a r r ie r , 1 9 6 3 ;  
M n d b e r g ?  1964  I h a l i t e  a n d  R o t h ,  1 9 6 4  )? a n  I m c r e a e e  I n  t h e  
a c t i v i t y  o f  t h e  c o n t r o l  s a m p l e s  m i g h t  b e  e x p e c t e d  i f  a n o h  
i n h i b i t o r s  a r e  n o r m a l l y  p r e s e n t  t o  a n y  e x t e n t *  I t  m i g h t  b o  
e x p e c t e d  t h a t  t h e  i n c r e a s e d  v o l u m e  o f  t h e  m e d i u m  a n d  t h e  p r o ­
l o n g a t i o n ,  o f  t h e  t i m e  o f  h o m o g é n i s a t i o n  w o u l d  a c h i e v e  a  m o r e  
h o m o g e n e o u s  p r e p a r a t i o n  w h i c h  i n  t u r n  w o u l d  l e s s e n  o n e  o f  t h e  
s o u r c e s  o f  t e c h n i c a l  e r r o r *  T h a t  t h i s  m a y  h a v e  o c c u r r e d  I s  
s u g g e s t e d  b y  t h e  l o w e r  v a r i a n c e  a s s o c i a t e d  w i t h  m o s t  o f  t h e  m e a n
e n z y m e  a c t i v i t i e s  i n  t h i s  S e r i e s #
With t h e s e  p o i n t s  in  m i n d ?  i t  I s  in t e r e s t in g  t h a t  t h e
a c t i v i t y  o f  B N A a s c  I  ( w h i c h  o f  a l l  t h e  n u c l e a s e  s t u d i e d  i s
p r e s e n t  i n  a  r e l a t i v e l y  g r e a t e r  c o n c e n t r a t i o n  i n  th e  p a r t i c l e s
t h a n  i n  th e  su p ern a ta n t) i s  i n c r e a s e d  in  S e r i e s  I I  t o  a  d e g r e e
t h a t  c a n  b e  e x p l a i n e d  on th e  b a s is  o f  r e l e a s e  o f  enzyme f r o m
p a r t i c l e s  t o  supernatant*  A s  m i g h t  be e x p e c t e d  th e  a c t i v i t y
o f  t h e  s u p e r n a t a n t s  o f  t h e  t h r e e  t y p e s  o f  t h y r o i d  t i s s u e  s t u d i e d
i n  t h i s  B er io s  d o e s  not e x c e e d  t h a t  o f  t h e  w h o l e  cytoplasm  a s
c a l c u l a t e d  b y  summation o f  t h e  v a l u e s  f o r  a l l  t h r e e  f r a c t io n s
in  B e r i o s  I *  T h e  m o d e r a t e  i n c r e a s e  i n  a d e n o s i n e  d e a m i n a s e
a c t i v i t y  p e r  g ,  w e t  w e i g h t  i n  normal a n d  t o x i c  t i s s u e  in  B e r i e e
I I  c a n  b e  e x p l a i n e d  I n  t h e  s a m e  w a y  s i n e © ?  a l t h o u g h  t h e  e n z y m e
i s  a lm ost a b sen t from  cy to p la sm ic  p a r t i c l e s  (B ohneider and
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l o g e b o o m ? .  1 9 5 2  |  d e  D a m i r a i i d e  o t  a X » ?  1 9 5 8  |  D e  D i iv e  e t  a X . ,
1 9 6 2 )  g c o n s i d e r a b l e  a c t i v i t y  m a y  b e  f o u n d  I m  t h e  n i i e l e l  o f  
c e r t a i n  t i s a n e b  ( B t e r n ?  A X l f r e y ?  M i r s k y  a n d  X a e t r e n  ? 1 9 5 2  ;
S t e r n  a n d  M i r s k y , 1 9 5 3  I J o r d a n  e t  a l #  ? 1 9 5 9 ) *
W i t h  a l k *  a n d  a  e l d  l l A a s e ?  t h e  a c t i v i t y  o f  t h e  s u p e r n a t a n t  
i n  S e r i e s  I I  i s  a b o u t  2 0 #  h i g h e r  t h a n  t h a t  w h i c h  w o u l d  b e  p r e ­
d i c t e d  o n  t h e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d  i n  S e r i e s  I  i f  i t  
w e r e  a s s u m e d  t h a t  t h e  e n t i r e  c y t o p l a s m i c  a c t i v i t y  f o r  n o r m a l  
a n d  t h y r o t o x i c  t i s s u e s  I n  t h i s  B e r i e e  i s  l i b e r a t e d  f r o m  o y t o -  
p l a s i x d ,o  p a r t i c l e s  b y  h o m o g e n i s a t i o n *  T w o  s o u r c e s  f o r  t h i s  
I n c r e m e n t  m i g h t  b e  m e n t i o n e d #  T h e  f i r s t  i s  t h e  n u c l e i  w h i c h  
u n d o u b t e d l y  h a v e  B H â a a e  a c t i v i t y  a s s o c i a t e d  w i t h  h i e t o n e  p r o t e i n  
c o m p o n e n t s  ( L e s l i e  ? 1 9 6 1  ; M a r t i n e t  a l * ,  1 9 6 3 ) #  T h e  s e c o n d  
i s  t h e  a c t i v a t i o n  o f  H M a s e  b y  t h e  K O I  e m p l o y e d  a s  t h e  m e d i u m  
f o r  h o m o g e n i s a t i o n  «h N o e l e c t r o l y t e  w a s  a d d e d  t o  t h e  i n c u b a t i o n  
m i x t u r e  i n  t h e  s t a n d a r d  a s s a y  p r o c é d u r e ,  b u t  w i t h  t h e  u s u a l  
a l i q u o t  o f  s u p e r n a t a n t  ? t h e  f i n a l  e o n e e n t r a t i o n  o f  ÎC'*" a n d  o f  01** 
i o n s  i n  t h e  m i x t u r e  w o u l d  b e  a r o u n d  0 . 0 0 5 M  s o  t h a t  s o m e  a c t i v a t i o n  
\ ? o u M  b e  e x p e c t e d  ( M c D o n a l d ^  1 9 5 5 ?  B i o k m a n  e t  a l # ,  1 9 5 6 ;
A n f i n e e n  a n d  W h i t e  ? 1 9 6 1 ) *  T h e  u n i f o r m i t y  i n  p e r c e n t a g e  i n c r e a s e  
e n c o u n t e r e d  i n  n o r m a l  a n d  t o i c i c  t i s s i x e  f o r  b o t h  H N A a s e a  i s  i n  
a c c o r d  w i t h  t h e  e l e v a t i o n  b e i n g  d u e  t o  a  p r o c e a d u r a l  c h a n g e  *
I t  m i g h t  p r o f i t a b l y  b e  m e n t i o n e d  a t  t h i s  j u n c t u r e  t h a t  t h e  
i n c r e a s e d  r a t i o  o f  a c i d s  a l k .  B M a s e  f o u n d  i n  t h e  s u p e r n a t a n t  o f
t o x i c  t h y r o i d  t i s s u e  c o m p a r e d  w i t h  n o r m a l  t h y r o i d  t i s s u e  w a s
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e m c o u m t e r e d  o n c e  a g a i n  i n  t l i i a  S e r i e s  «
The B M a e e  I I  a c t i v i t y  i n  t h e  n o r m a l  g l a n d s  s t u d i e d  i n  
S e r i e s  I I  i s  4 0 #  h i g h e r ?  a n d  i n  t h e  c a s e  o f  t h e  t o x i c  g l a n d s  
T O #  h i g h e r  t h a n  c a n  h e  a c c o u n t e d  f o r  b y  c o m p l e t e  e x t r a c t i o n  o f  
p a r t i c u l a t e  e n z y m e  i n t o  t h e  s u p e r n a t a n t  o n  t h e  b a s i s  o f  t h e  d a t a  
o b t a i n e d  i n  S e r i e s  I .  T h e r e  i s  n o  d o u b t  t h a t  t h e  p r e s e n c e  o f  
a n d  o f  0 1 ^  i o n s  w o u l d  h a v e  a n  a c t i v a t i n g  e f f e c t  u p o n  l O M a e e  XX 
( E o e r n e r  a n d  S l n s h e i m e r ?  1 9 5 % .#  I C u r n i c k  a n d  S a n d e e n ?  1 9 5 9  I 
L a s k o w s k i  ? 1 9 6 1 ) #  t h e  f i n a l  c o n c e n t r a t i o n  o f  b o t h  l o n e  i n  t h e  
i n c u b a t i o n  m i x t u r e  w o u l d  b e  0.025M . F u r t h e r m o r e  ? t h e  p resen ce  
o f  t h i s  e n z y m e  i n  t h e  n u c l e i  o f  m a n y  t i s s u e s  h a s  b e e n  w e l l  
d o c u m e n t e d ?  t h e  a m o u n t  c o m p r i s i n g  a s  m u c h  a s  2 5 #  o f  t h e  a c t i v i t y  
o f  t h e  w h o l e  h o r a o g e n a t e  i n  s o m e  i n s t a n c e s  ( A l l f r e y  a n d  M i r s k y ?  
1 9 5 2 #  B r o w n ?  J a o o t e  a n d  I j a s k o w e l c l ?  1 9 5 2 #  d e  L a m i r a n d e  e t  a l .  » 
3 .9 5 4 #  B o t h  a n d  H i l t o n ?  1 9 6 3 #  B i e b e r t ?  1 9 6 3 #  S â ^ / i n g l e  a n d  C o l e ?  
1 9 6 4 ) .  I n d e e d  i n  t h e  l a n d s c l m t z  a s c i t e s  t u m o u r ?  t h e  s p e c i f i c  
a c t iv i t y  o f  B M a s e  I I  i n  t h e  n u c le i  i s  d o u b l e  t h a t  o f  t h e  p o o l e d  
m l t o o h o n d r i a  a n d  m l e r o s o m e s  ( K e l r  a n d  A i r d ? 1 9 6 2 ) ,
A p a r t  f r o m  t h e s e  c o n s i d e r a t i o n s  ? t h e r e  a p p e a r s  to  b e  a  d is — 
p r o p o r t i o n a t e  i n c r e a s e  i n  th e  r e s p e c t  t h a t  th e  a c t i v i t y  o f  t h e  
t o x i c  t i s s u e  i s  r a i s e d  b y  T O #  w h i l e  t h a t  o f  t h e  n o r m a l s  h a s  
u n d e r g o n e  a  m e r e  4 0 #  e le v a t io n .  I t  i s  v e r y  u n l ik e ly  t h a t  th e  
n u c le i  o f  th y r o to x ic  t i s s u e  c o n t a i n  s c  m u c h  m o r e  D N A a s e  I I  t h a n  
t h o s e  o f  n o r m a l  t h y r o i d  t i s s u e  t h a t  t h e y  c o u l d  a c c o u n t  f o r  t h i s  
d isq rep an oy; mor does i t  seem p la u s ib le  th a t  m A ase I I  o f  t o x io  
t h y r o i d  t i s s u e  c a n  b e  s u b j e c t  t o  a  g r e a te r  d e g r e e  o f  a c t iv a t io n
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b y  m o n o v a l e n t  a n i o n s  th an  i t s  c o u n t e r p a r t  e n z y m e  f r o m  n o r m a l  
t h y r o i d  t i s s u e *  T w o  a l t e r n a t i v e s  r e m a i n »  T h e  f i r s t  l a  t h a t  
th^ek s t a t i a t i o a l  sample o f  f i v e  t h y r o t o x i c  g l a n d e  a r b i t r a r i ly  
c h o s e n  f o r  t h i s  s t u d y  l a  n o t  r e p r e s e n t a t i v e  o f  t h y r o t o x i c  t i s s u e  
g e n e r a l l y  a n d  t h a t  I t  c o n s t i t u t e s  a n  e x t r e m e  s a m p l e  f r o m  t h e  
th y r o to x ic  p o p u l a t i o n  h a v i n g  a  h i g h e r  l e v e l  o f  DNAase I I  a c t i v i t y  
t h a n  t h e  g r o u p  a s  a  w h o l e  » T h e  s e c o n d  p o s s ib i l i t y  I s  t h a t  t h e  
• n o r m a l s *  i n  t h e  t w o  s e r i e s  are n o t  r e a l l y  c o m p a r a b l e *  O n  t h e  
o n e  h a n d ?  t h e  f a c t  th a t  t h e  normals* i n  t h e  s e c o n d  a e r i e s  w e r e  
p o s t  mortem s p e c i m e n s  w o u l d  e n t a i l  t h e  p o s s i b i l i t y  o f  c o n s i d e r ­
a b l e  c h a n g e  o f  e n z y m e  a c t i v i t y  betw een t h e  tim e o f  d e a t h  a n d  
c o l l e c t i o n  o f  t h e  a p e c i m e n e  e v e n  t h o u g h  t h i s  w a s  l i m i t e d  t o  
8:1%  h o u r s *  W i t h  B E A a a e a  a n d  D N A a s e  I  ? e n z y m e s  f o r  w h i c h  t h e  
e x i s t e n c e  o f  i n h i b i t o r s  h a s  b e e n  w i d e l y  d e m o n s t r a t e d ?  t h i s  
w o u l d  n o t  b e  o f  s u c h  g r e a t  e o n e e q u e n c e  a i ln c ©  decay o f  i n h i b i t o r s  
would p x ^ e o e d e  t h a t  o f  a c t i v e  e n z y m e  a n d  m i g h t  a c t u a l l y  r e s u l t  
i n  i n c r e a s e  i n  m easurable n e t t  a c t i v i t y  ( B o t h ?  1 9 5 4 ?  Hens t e l l  
a n d  F r e e d m a n ?  1 9 5 2 ) . N o a u  a h  in h ib i t o r s  o f  DNAase I I  h a v e  e v e r  
b e e n  I d e n t i f i e d  i n  a n i m a l  t i s s u e s  a lth ough  a n  i n h i b i t o r y  f a c t o r  
e x i s t s  i n  h u m a n  u r i n e  ( K o w l e e s a r  e t  a l * , 1 9 5 7 ) *  f u r t h e r m o r e ,  
a  s t u d y  o f  n u c l e a s e s  i n  normal a n d  n e o p l a s t i c  t i s s u e s  s u g g e s t e d  
th a t  D N A a s e  I I  l a  a  com p aratively  l a b i l e  e n z y m e  (Maver a n d  
G re c o , 1956)* :
A l t h o u g h  t h e  s t a b i l i t y  s t u d i e s  d e s c r i b e d  i n  B e s u i t s  : 
M e t h o d o l o g i c a l  A p p ra isa l o f  f n z y m e  A s s a y  M ethods w e r e  c a r r i e d  
o u t  a t  a n  e a r l y  s t a g e  o f  t h i s  work, a n d  o n l y  one s a m p l e  o f
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t h j r o t o x i o  s u p e r n a t a n t  w a s  e x a m i n e d  b e f o r e  a n d  a f t e r  s t o r a g e  
i n  t h e  d e e p  f r e e z e  V J l th  c o m p a r a b l e  r e s u l t s ,  t h e  e x i s t e n c e  o f  
a n  I n h i b i t o r  o f  D N A a s e  I I ? w h i c h  l e  e s p e c i a l l y  c o n c e n t r a t e d  i n  
t h e  B u p e r a a t a n t  o f  t o x i c  t h y r o i d  a n d  d e s t r o y e d  b y  f r e e z i n g  t h e  
s u p e r n a t a n t  t h e r e b y  a c c o u n t i n g  f o r  t h e  i n c r e a s e  i n  n o r m a l  a n d  
t o x i c  s u p e r n a t a n t s  i n  S e r i e s  I I  w i t h  a  d i s p r o p o r t i o n a t e l y  g r e a t e r  
i n c r e a B o  i n  t h e  l a t t e r ,  c a n n o t  b e  e n t i r e l y  e x o l x i d e c l ?  a l t h o u g h  
s u c h  à  p o s s i b i l i t y  c o u l d  v e r y  r e a d i l y  b e  p u t  t o  t h e  t e s t *  O n  
t h e  o t h e r  h a n d .  I t  i m s t  b e  r e c a l l e d  t h a t  t h e  * n o r m a l *  s a m p l e s  
i n  S e r i e s  I  w e :c e  r e m o v e d  f r o m  g l a n d s  a f f e c t e d  b y  c a n c e r  a m i  
b e n i g n  n e o p l a s i a  a l t h o u g h  t h e  t i s s u e  s e l e c t e d  w a s  n o t  I n v o l v e d  
i n  t h e  p a t h o l o g i c a l  p r o c e s s .  T h i s  h a d  t h e  m e r i t  o f  a l l o w 3 . n g  
d i r e c t  o o m p a r i s o n  b e t w e e n  n o r m a l  a n d  a b n o r m a l  t i s s u e  f r o m  t h e  
s a m e  p a t i e n t  ; t h e  d a n g e r  I s  t h a t  s u c h  m a t e r i a l  m a y  n o t  b e  r e ­
p r e s e n t a t i v e  o f  t r u l y  n o r m a l  t h y r o i d  t i s s u e  ? a n d  t h a t  e l e v a t i o n  
o f  D N A a s e  I I  a c t i v i t y  m i g h t  b e  o n e  s u c h  d i f f e r e n c e  b e t w e e n  t h e  
t w o .  O h a u g e s  i n  t i s s u e s  n o t  i n v o l v e d  i n  t h e  n e o p l a s t i c  p r o c e s s  
h a v e  b e a n  r e p o r t e d  i n  t h e  c a n c e r - b e a r i n g  h o s t ,  L e a k a g e  o f
g l y c o l y t i c  enzymes f r o m  n o r m a l  c e l l s  h a s  been h e l d  r a s p o n a l b l e
se ru m  o f
f o r  t h e  in c r e a se d  l e v e l s  o f  t h o s e  enzymes in  t h a / o a n o e r  p a t i e n t s  
( W h i t e ?  1958 # ICabakow, A n to p o l, A lb a u m ?  B l i n l o k ?  G i n z b u r g  and 
Young, 1 9 6 2 ) .  O n  th e  o t h e r  h a n d ?  t h e  a c t i v i t i e s  o f  t h r e e  
e n z y m e s  concerned i n  g lu c o se  m etabolism  w e r e  i n o r e a s e d  i n  t h e  
l i v e r s  o f  p a t ie n t s  w i t h  c a r c i n o m a t a  o f  t h e  g a s t r o - i n t e s t i n a l
t r a c t  b u t  w i t h o u t  h e p a t i c  e e o o n c l a r i e e /  T h e  l e v e l s  o f  c e r t a i n
e n z y m e s  o f  a m i n o  a c i d  m e t a b o l i s m  were o n  t h e  w h o l e  low er t h a n
^  ( D a c h a ?  O a t t e r i n a  a n d  F o r n a i n i ,  1 9 6 3 ) .
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n o r m a l  i n  t h e  l i v e r s  o f  r a t s  d i s t a n t  f r o m  t h e  s i t e  o f  h e p a t o m a  
t r a n s p l a n t s  ( P i t o t ?  P o r a i n o ?  B o t t o m l a y  a n d  M o r r i s  ? 1 9 6 3 ) $
S t u d i e s  o n  M B  f e e d i n g  h a v e  s h o w n  t h a t  ? a s  a  g e n e r a l  r u l e ?  t h e  
a o t l T l t y  o f  n u c l e a s e s  i e  i n c r e a s e d  I n  t h e  l i v e r  a d j a c e n t  t o  
p r i m a r y  t u m o u r s  ? t h o u g h  t h e s e  c h a n g e s  a r e  p r o b a b l y  r e l a t e d  t o  
c h a n g e s  I n  c e l l  p o p u l a t i o n  a n d  t o  t h e  m e t a b o l i s m ,  o f  t h e  d y e  
( S c h n e i d e r  a t  a l , ?  1 9 5 3  ; d e  L a m l r a n d e  e t  a l * ,  1 9 5 4 ?  H e l d  a n d  
L o t s ?  1 9 5 8 #  R o t h  ? 3*963  )» T h e  e s s e n t i a l  t h e m e  u n d e r l y i n g  
t h e s e  p r o p o s a l s  i e  t h e  p o s s i b i l i t y  t h a t  h a d  t h e  m a t e r i a l s  s t u d i e d  
i n  S e r i e s  I  b e e n  e u b j e o t e d  t o  t h e  p r o c e d u r e s  e m p l o y e d  i n  B e r i o s  
I I ?  t h e y  m i g h t  h a v e  d i s p l a y e d  a n  i n c r e a s e  I n  D N A a s e  I I  m o r e  i n  
k e e p i n g  w i t h  t h a t  f o u n d  f o r  t h e  t h y r o t o x i c  t i s s u e  i n  S e r i e s  X I ,  
T h u s  t h e  d i s c r e p a n c y  b e t w e e n  t h e  r e s u l t s  i n  t h e  t w o  S e r i e s  m a y  
n o t  b e  BO g r e a t  a s  y io u I xI  a t  f i r s t  s i g h t  a , p p e a r  t o  h e  t h e  c a s e  »
B o  f a r  a s  t h e  b e n i g n  n e o p l a s m s  s t u d i e d  I n  S e r i e s  XX ax*e 
o o r i e e r n a d ,  m u c h  o f  w h a t  h a s  a l r e a d y  b e a n  s u g g e s t e d  i n  c o n n e c t i o n  
w i t h  t h e  n o r m a l  a n d  t o x i c  t i s s u e s  w o u l d  a p p l y  t o  t h e m  eC Lso*
T h e  a c t i v i t i e s  o f  b o t h  D N A a s e s  a n d  o f  a d e n o s i n e  d e a m i n a s e  d o  
n o t  d i f f e r  g r e a t l y  f r o m  t h e  m e a n  v a l u e s  o b t a i . n e d  f o r  s i m i l a r  
t x r m o i i r s  i n  S e r i e s  I »  H o w e v e r ?  I H A a s e  a c t i v i t y  i s  a p p a r e n t l y  
m i  o h  h i g h e r  i n  t h e  a d e n o m a t a  o f  S e r i e s  I I ,  I t  c o u l d  b e  t h a t  
l i b e r a t i o n  o f  e n z y m e  f r o m  o t h e r  l o c i  i n  t h e  c e l l -  a n d  d e s t r u c t i o n  
o f  i n h i b i t o r s  a s  o u t l i n e d  a b o v e  m i g h t  a c c o u n t  f o r  p a r t  o f  t h i s  
I n c r e a s e .  B e y o n d  t h i s ?  t h e r e  i s  l i t t l e  d o u b t  t h a t  m o s t  o f
t h e  d i e o r e p a n o y  c a n  b e  a c c o u n t e d  f o r  b y  s a m p l i n g  e r r o r .  
A d e n o m a t a  w e r e  t a k e n  i n  s e q u e n c e  a s  t h e y  p r e s e n t e d  ? w i t h  n o
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a t t e m p t  t o  r e s t r i c t  t h e  e e l e c t i o n  t o  a  a p e o i f i c  t y p e ,  G o n — 
s e g u e a t l y  ? a  v e r y  w i d e  r a n g e  o f  h l a t o l o g l o a l  t y p e s  w a s  p r e a e n t  
i n  b o t h  a e r i e s  s o  t h a t  t h e  t w o  a r e  n o t  d i r e o t l j ^  c o m p a r a b l e ,  
l a e h  a e r i e s  i n c l u d e d  o n e  s p e c i m e n  f r o m  w h i c h  t w o  d i s t i n c t  a r e a s  
w o r e  c h o s e n  f o r  a m f l j s i e *  I v o n  I n  t h e s e  t w o  o a s e s ?  w h e r e  t h e  
m a t e r i a l  w a s  d r a w n  f r o m  a  s i n g l e  l e s i o n ?  t h e  d i f f e r e n c e s  'b e t w e e n  
t h e  a c t i v i t i e s  o f  s o m e  e n z y m c m  w e r e  f o u r - f o l d  o r  m o r e ,
R e l a t i o n  B e t w e e n .  B n z y r a e  C h a n g e  a n d  T i s s u e  P a t h o l o g y
O n e  o f  t h e  i n t r i g u i n g  p r o b l e m s  r a i s e d  b y  t h i s  w o r k  i s  how 
b e s t  t o  e x p r e s s  e n z y m e  a c t i v i t y  s o  t h a t  t h e  f i g u r e  o b t a i n e d  
w i l l  b e  a s  m e a n i n g f u l  a e ^ o s B i b l e .  T h i s  i a  e s p e c i a l l y  s o  i n  
t h y r o i d ,  a  t i s s u e  w h i c h  n o r m a l l y  s t o r e s  v a s t  q u a n t i t i e s  o f  
e x t r a c e l l u l a r  * O o l l o i d *  -  a  s u b s t a n c e  c o n s i s t i n g  a l m o s t  e x -  
c l u e i v e l j  o f  t h y r o g l o b u l i m  t o g e t h e r  v j i t h  s m a l l  a m o u n t s  o f  o t h e r  
i o d i n e - c o n t a i n i n g  p r o t e i n s  ( R a i l ,  R o b b i n s  a n d  B d e l h o c h ?  I 9 6 0 ;  
B h u l m a n  a n d  V l i t e b a k y ?  I 9 6 0 ) ,  S i n c e  t h e  a m o u n t  o f  * C o l l o i d *  
s t o r a g e  v a r i e s  f r o m  g l a n d  to  g l a n d  i n  t h e  n o r m a l ?  a n d  e s p e c ia l ly  
BO i n  p a t h o l o g i c a l  s t a t e s  ( O a p p o l l ,  1 9 6 4 ) ?  t h e r e  i s  a  g r a v e  
d a n g e r *  t h a t  m e a s u r e m e n t  o f  e n z y m e  a c t i v i t y  w ith  r é f é r e n c e  to  
p r o t e i n  c o n t e n t  a n d  to  w e i g h t  o f  t h e  t i s s u e  w i l l  m e r e l y  r e f l e c t  
c h a n g e s  i n  t h i s  s u b s t a n c e  ï é i i o h  a c c o u n t s  f o r  s u c h  a  p r e p o n d e r a n t  
s h a r e  o f  t h e  p r o t e i n  c o n t e n t  a n d  t h e  w e i g h t  o f  t h e  normal g l a n d .  
H a p p i l y ?  t h i s  d i f f i c u l t y  i s  l i k e l y  t o  b e  r e s t r i c t e d  t o  t h e  
s u p e r n a t a n t  f r e a c t i o n  o f  th y r o id  g l a n d s  s i n c e  • C o l l o i d *  makos
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n o  o o B ' b r i t a t i o n  t o  t h e  p a r t i o u l a t e  f r a c t i o n s  e x c e p t  i n  s o  f a r  
a s  i t  v f l l l  I n f l u e n c e  t h e  w e i g h t  o f  t i s s u e  u p o n  w h i c h  t h e  
a c t i v i t y  p e r  g #  o f  w e i g h t  l a  c a l c u l a t e d .  A l t h o u g h  t h e  p r e -  
s e n c e  o f  t h j r o g l o t o u l i n  h a s  b e e n  d e m o n s t r a t e d  i n  v / e l l - v / a a h e d  
t h y r o i d  m i o r o B o m e e  ( H o i t t ?  L i n g  a n d  D o n i a c h ?  1 9 6 4 ) ?  t h i s  i s  
aJ.m ost c e r t a i n l y  d u e  t o  s y n t h e s i s  o f  th e  p r o t e i n  i n  t h e s e  
o r g a n e l l e s  p r i o r  t o  s to r a g e  I n  • G o l l o i d * ,
I n  a n i m a l  e x p e r i m e n t s  ? i t  I s  f r e q u e n t l y ?  t h o u g h  n o t  a l w a y s ,  
p o s s i b l e  t o  e s t i m a t e  enzyme a c t i v i t y  i n  a  w h o l e  o r g a n  s o  t h a t  
c h a n g e s  i n  o t h e r  t i s s u e  c o n s t i tu e n t s w i l l  n o t  i n f l u e n c e  t h e  
a s s e s s m e n t ,  T h i s  cannot b e  aooom plished w ith  most h u m a n  o r g a n s ?  
and i n  a n y  c a s e  i t  i s  not a p p l i c a b l e  t o  c o n d i t i o n s  a f f e c t i n g  
o n l y  p a r t  o f  a n  o r g a n  -  a  c a t e g o r y  i n t o  w h i c h  m o s t  h u m a n  d i s e a s e s  
a n d  e s p e c i a l l y  neoplasm s n a tu r a lly  f a l l #  T h e  u s e  o f  DNA as 
a  r e f e r e n c e  m a t e r i a l  whereby th e  o e l l u la r i t y  o f  a  t i s s u e  p re­
p a ra tio n  m i g h t  b e  e x p r e s s e d  i s  w e l l - e s t a b l i s h e d  (Thomson?
H e a g y ?  H u t c h i s o n  a n d  D a v i d s o n , 1 9 5 3  ? V e n d r e l y ?  1 9 5 5  ? M i r s k y  
a n d  O a a w a ?  1 9 6 1 ) *
W h e r e  pleomorph ism  ? p o l y p l o i d y ?  a n d  m u ltin u o lea ted  c e l l s  
e x i s t  i n  l a r g e  numbers,  c o m p a r i s o n  o f  enzyme a c t i v i t y  b a s e d  
u p o n  BHA co n ten t o f  th e  t i s s u e  m a y  l e a d  t o  e r r o n e o u s  c o n c lu s io n s  
r e g a r d i n g  t h e  a c t i v i t y  p e r  c a l l  in  th e  t i s s u e  s t u d i e d #  T h e r e  
i s  n o  d o u b t  t h a t  c a r c i n o m a t a  g e n e r a l l y  h a v e  n u c l e a r  a b e r r a t i o n s  
a s s o c i a t e d  w i t h  a  h i g h e r  c o n t e n t  o f  DMA p e r  c e l l  t h a n  t h e  
t i s s u e  o f  o r i g i n  ( O b e r X i n g  a n d  B e r n h a r d ?  1 9 6 1  ; B e  B r e t o n  a n d
212. .
M o u l e  3 1 9 6 1 ) .  I v e a  i n  n o n - ^ m a l i g n a n t  d i a e a s e a  o f  t h e  t h y r e o i d  
g l a n d  i n o l u d l n g  adenom ata, t h j r o t o a c l o o s i s  a n d  th y z * o id it ia , 
m u I t  i n n  o l e  a t e  d  g i a n t  c e l l e  b e  f o u n d  i n  c o n s i d e r a b l e  n u m b e r a  
( T r e m b l a y  a n d  P e a r e e ^  I 9 6 0  ; O v e r l i n g  a n d  B e r n h a r d ,  1 9 6 1 ) .
# % e  e r r o r s  i m r o l i v e d  i n  e m p l o y i n g  DRA e s t i m a t i o n s  a s  a  m e a s u r e  
o f  c e l M l a r i t y  a r e  g r e a t e r  f o r  c a r c i n o m a t a  a n d  t h y r o i d i t i s  t h a n  
f o r  t h e  o t h e r  t w o  c o n d i t i o n s  ;  f o r  t h i s  r e a s o n ,  a s  w e l l  a s  b y  
T i r t u a  o f  t h e i r  r a r i t y ,  i t  w a s  n o t  c o n s i d e r e d  w o r t h  w h i l e  t o  
i n c l u d e  t h e m  i n  t h a t  p a r t  o f  t h e  s t u d y  c o n c e r n e d  w i t h  t h e  
r e l a t i o n s h i p  b e t w e e n  e n z y m e  a c t i v i t y  a n d  DMA e o r a t e n t  i n  t h e  
t h y r o i d  g l a n d «
A gain9 c h a n g e s  i n  t h e  r a t io  o f  n u c l e u s  t o  c y t o p l a s m  m i g h t  
r e s u l t  i n  a n  e n s y m e  b e c o m i n g  h i g h l y  c o n c e n t r a t e d  i n  a  c e l l  a l -  
t h o u g h  t h e  a c t u a l  a m o u n t  p e r  c e l l  m a y  b e  u n a l t e r e d ;  t h e  r e ­
t e n t i o n  o f  a n  e n s y m e .  b y  a  c e l l  u n d e r  c i r c u m s t a n c e s  where c y t o ­
p l a s m i c  v o l u m e  a n % r o t e l n  c o n t e n t  a r e  r e d u c e d  a r g u e s  f o r  t h e  
i m p o r t a n c e  o f  t h i s  ensyme i n  t h e  o v e r a l l  e c o n o n ^  a n d  f u n c t i o n  
o f  t h e  c e l l .  W h a t e v e r  method o f  e x p r e s s i o n  i e  c h o s e n ,  o r  e v e n  
w h e r e  a  c o m b i n a t i o n  o f  m e t h o d s  i s  e m p l o y e d ,  o n e  o f  t h e  s u p r e m e  
d i f f i c u l t i e s  i n  t h e  study o f  human t i s s u e s  i s  t h e  p r e s e n c e  o f  
s e v e r a l  d i f f e r e n t  c e l l  t y p e s  i n  normal s a m p l e s ;  d i s e a s e  p r o c e s s e s  
may b r i n g  about a  d i s t o r t i o n  in  t h e  n o r m a l  r a t i o  o f  t h e  v a r i o u s  
c e l l  t y p e s  w i t h o u t  a f f e c t i n g  t h e i r  m e t a b o l i c  b e h a v i o u r ,  y e t  t h e  
c h a r a c t e r i s t i c s  o f  t h e  t i s s u e  w h e n  e x a m i n e d  a e  a  h o m o g e n a t e  
w i l l  h a v e  u n d e r g o n e  a  p r o f o u n d  change .  E v e n  w h e r e  a b n o r m a l
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c e  I l s  a r e  p r e a e n t  a e  a  r e e u X t  o f  a  p a t l i o l o g i e a X  p r o c è s  b ,  t h e s e  
m a y  b e  d e r i v e d  f r o m  c e l l s  r e p r e s e n t e d  i n  s m a l l  n u m b e r s  i n  t h e  
n o r m a l  t s e u e ;  u n d e r  t h e s e  o l r c u r a e t a n c a s ,  o o m p a r l s o m  o f  t h e  
n o r m a l  t i s s u e  w i t h  t h e  a b n o r m a l  m y  b e  g u i t o  i n v a l i d *  E v e n  
i n  e x p e r i m e n t a l  t u m o u r s ,  s u c h  a s  t r a n s p l a n t  a b l e  h e p a t o m a s  a n d  
B â B - ^ i n d u o e d  n e o p l a s m s ,  i t  i s  l i k e l y  t h a t  t h e  t u m o u r  a r i s e s  f r o m  
t h e  b i l e - * d u o t  e p i t h e l i u m  a n d  n o t  f r o m  t h e  h e p a t i c  p a r e n o h y s t a l  
c e l l  i n  m a n y  I n s t a n c e s  ( S c h n e i d e r  e t  a l * ,  1 9 5 3  |  d e  l a m i r a B c i e  
e t  a l ^3 19545  B i t o t ,  I 9 6 0  |  J o n e s ,  1 9 6 3 )  a n d  y e t  t h e  m e t a b o l i s m  
o f  t h e  t u m o u r  i s  c o m p a r e d  w i t h  t h a t  o f  n o r m a l  l i v e r  i n  m o s t  
p u b l i s h e d  r e p o r t s *  f u r t h e r  c o m p l i c a t i o n s  e x i s t  i n  t h e  f o r m  
o f  i n f l a m m a t o r y  i n f i l t r a t e s  w h i c h  m a y  c o m p r i s e  m o r e  t h a n  h a l f  
t h e  c e l l s  i n  a  g i v e n  l e s i o n  a n d  y e t  d e r i v e  f r o m  t i e B u e a ,  t h e  
r e t l c i a l o - e n d o t h e l i a l  a n d  h a e m o p o i t i c  s y s t è m e ,  w h i c h  a r e  u t t e r l y  
d i s s i m i l a r  t o  t h e  o n e  u n d e r  s t u d y *  W i t h  t h e s e  p o i n t s  i n  m i n d ,  
t h e  s i g n i f i c a n c e  o f  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  t h y r o i d  
s a m p l e s  in  t h e  p r e s o n f c e  w o r k  can b e  e x a m i n e d  i n  r e l a t i o n  t o  
t h e  u n d e r l y i n g  p a t h o l o g y .
B o r  m o s t  o f  t h e  s u p e r n a t a n t  e n z y m e s  s t u d i e d ,  t h e r e  m s  a  
f a i r l y  g e n e r a l  i n o r e a a e  i n  s p e c i f i c  a c t i v i t y  r e l a t i v e  t o  p r o t e i n  
i n  t h e  f o l l o w i n g  o r d e r  g norm al, a d e n o m a ,  t o x i a ,  c a n c e r ,  a n d  
t h y r o i d i t i s q  T h is cou ld  b e  d u e  t o  a  p r o g r e s s i v e  i n c r e a s e  i n  
a c t u a l  in t r a c d l lu la r  ensyme p r o t e i n  i n  t h e s e  c o n d i t i o n s ,  o r  to  
a  s t e a d y  d e c r e a s e  i n  n o n * * e n s y m e  p r o t e i n ,  e s p e c ia l ly  p r o t e i n  o f  
e x t r a c e l l u l a r  o r i g i n *  T h e  e v i d e n c e  a v a i l a b l e  i s  v e r y  m u c h  i n
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f a v o u r  o f  t h e  l a t t e r  e x p l a n a t i o n ,  a l t h o u g h  c e r t a i n  e x c e p t i o n s  
a r e  a p p a r e n t .  I n  t h e  f i r s t  p l a c e ,  t h e  t i s s u e s  d o  i n  f a c t  
d isp la y  a  d ecrea se  i n  p r o t e i n  c o n t e n t  v e r y  r o u g h l y  c o r r e s p o n d i n g  
, w i t h  t h e  s u g g e s t e d  order ( T a b l e  ^  )*  S eco n d ly ,  t h i s  p r o -
f  J
/ f  ^ r e e s i o n  I s  f o r  t h e  g r e a te r  p a r t  e l i m i n a t e d  w h e n  a c t i v i t y  i s  
J  m e a s u r e d  r e l a t i v e  t o  t h e  w e i g h t  o f  t h e  t i s s u e .  T h ir d ly , wh&n 
/  . f f ' p . c t l v i t y  i s  e x p r e s s e d  i n  a  m m i n e r  d e s i g n e d  t o  tak e a c c o u n t  o f
■' /) y 
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t h e  r e la t iv e  o e l l u l a x d t y  o f  t h e  t i s s u e s ,  t h e  d i f f e r e n c e s  b e t w e e n  
t î i S a - n g r m a l  and t h e  t o x i c  g lan d  a l l  h u t  d isap p ear*  T h a_sign -  
i f l e a n t  i n c r e a s e  i n  s p e c i f i c  a c t i v i t i e s  o f  a c i d  B R A a s e ,  DNAase I I  
a n d  ad en osin e d e a m i n a s e  in  t h e  s u p e r n a t a n t  o f  t h y r o t o x i c  g l a n d s ;  
a s  w e l l  a s  t h e  s i g n i f i c a n t  in c r e a s e  i n  a c i d  H M a s e  p e r  g *  w e t  
w eigh t in  B e r i e e  I ,  and t h e  i n c r e a s e d  D N A a s e  I I  a n d  a d e n o s i n e  
d e a m i n a s e  a c t i v i t i e s  f o u n d  r e l a t i v e  t o  b o t h  w e i g h t  a n d  p r o t e i n  
co n ten t i n  S e r i e s  XX, e r a  m o s t  p r o b a b l y  d u e  t o  d i l u t i o n  o f  t h e
e n i a y m i o a l l y  a c t i v e  p r o te in  i n  t h e  n o r m a l  g l a n d  b y  l a r g e  q u a n t ­
i t i e s  o f  e x t r a c e l l u l a r  * O o l l o i d l  .  The i n c r e a s e d  r a t i o  in  t h e  
a c t i v i t y  o f  a c i d  to  a l k .  BRAase s t a n d s  a s t h e  o n l y  c h a n g e  in
t h e  s u p e r n a t a n t  f r a c t i o n  o f  t o x i c  t h y r o i d  t i s o m e  w h i c h  m a y  h a v e  
a  co n n ectio n  w ith  th e  p a t h o l o g i c a l  p r o c e sse s  i n  th e  g l a n d  o t h e r  
t h a n  t h o s e  r e s u l t i n g  i n  ^ C o l l o i d *  d e p l e t i o n *  '
T h e  a d e n o m a t a  d isp la y  m a r k e d  h e t e r o g e n e i t y , s o m e  b e i n g  
a s s o c ia te d  w i t h  m y x o e d e m a  a n d  o t h e r s  w i t h  h y p e r f u n o t i o n  o f  t h e  
th y r o id ; i n  m a n y ,  c y s t i c  a n d  d e g e n e r a t e  a r e a s  w e r e  p r e s e n t  ;
f u r t h e r m o r e j  i t  i s  a  d i f f i c u l t  m a t t e r  t o  d i s t i n g u i s h  b e t w e e n
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a  t a m e  b e n i g n  n e o p l a s m  o f  t h e  t h y r o i d  a n d . h y p e r p l a s t i c  o r  
h y p e r t r o p h i c  a r e a s  o f  g l a n d u l a r  t i s s u e  ( W a r r e n  a n d  M e i e s n e r ,  
1953 ) *  I n  s o  f a r  a s  t h e y  e a rn  b©  c o n s i d e r e d  a s  a  c l a s s ,  t h e y  
s h o w  n o  d i f f e r e n c e s  f r o m  t h e  normal g l a n d  v i i t h  r e s p e c t  t o  
su p ern atan t enayme a c t iv i t y  p er  isg% p r o t e i n  o r  p e r  g ,  w e t  
w e i g h t  i l l  e i t h e r  S e r ie s .  H o w e v e r ,  t h e  alk# E R A a s e  a c t i v i t y ,  
when r e l a t e d  t o  DMA c o n t e n t  o f  th e  t i s s u e , w a s  s i g n i f i c a n t l y  
h i g h e r  t h a n  t h a t  o f  t h e  n o m i a l  g la n d . I n  v iew  o f  t h e  w i d e  
d i s c r e p a n c y  I n  t h e  B N A a s e  a c t i v i t i e s  o f  a d e n o m a t a  b e t w e e n  t h e  
t w o  s e r i e s , i t  w o u l d  h e  w i s e  t o  s e e k  c o n f i r m a t i o n  o f  t h i s  
f i n d i n g  b efo re  i t  c a n  h e  a c c e p t e d  a s  a  o h a r a o te r ls t ic : ;  o f  
b e n i g n  n e o p l a s i a  o f  t h e  t h y r o i d *
T h e  e x t e n t  t o  w h i c h  v a r i a t i o n s  i n  e x t r a c e l l u l a r  H 7 o l l o i d *  
c o u l d  e f f e c t  t h e  a c t i v i t y  o f  t h e  p a r t i c u l a t e  e n a y m e s  w o u l d  m o s t  
p r o b a b l y  b e  l i m i t e d  t o  a n .  e f f e c t  u p o n  t h e  w e i g h t  o f  t h e  g l a n d .  
B o t h  f r a c t i o n s  w e r e  v m s h e d  o n c e  a f t e r  c o l l e c t  i o n ,  a n d  t h e  c o l o u r  
o f  t h e  w a s h i n g s  u s u a l l y  i n d i c a t e d  t h e  p r e s e n c e  o f  o n l y  s m a l l  
a m o u n t s  o f  c o n t a m l n a t z u i g  s u p e r n a t a n t  i n  t h e  o r i g i n a l  p e l l e t ;  
f o r  t h i s  r e a s o n ,  a  s e c o n d  w a s h  w a s  n o t  c a r r i e d  o u t #  H o w e v e r ,  
t h e  a b i l i t y  o f  t h e  c o n s t i t u e n t s  o f  ^ O o l l o i d *  t o  b i n d  w i t h  c y t o ­
p l a s m i c  p a r t i c l e s  I s  n o t  k n o w n .  I t  i s  n o t  t o  b e  e x p e c t e d  t h a t
t h e  b i n d i n g  c a p a c i t y  o f t h e  p a r t i c l e s  o r  o f  t h e  ^ C ollo id *  w o u l d  
a l t e r  s u f f i c i e n t l y  w i t h  v^arlous d ise a se  p r o c e s se s  to  i n t r o d u c e  
s e r io u s  e r r o r s  i n  th e  o o m p a r i e o n  o f  th e  e n ts y m e  a c t i v i t y  o f  t h e  
p a r t i c l e s  b y  m e a n s  o f  t h e i r  p r o t e i n  c o n t e n t e ; n o r  I s  i t  l i k e l y
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t h a t  a n  i n o r o a e e  i n  t h e  a m o u n t  o f  * G o H o l d *  t r a p p e d  i n  th e  
p a r t i c l e s  which m i g h t  co n ce iv a b ly  f o l l o w  an i n c r e a s e  in  t h e  
* O a l l o i d *  c o n t e n t  o f  t h e  g l a n d  c o u l d  h e  r e s p o n s ib le  f o r  a n y  
b u t m inor v a r i a t i o n s  i n  s p e c i f i c  a c t i v i t y  o f  t h e  p a r t i c l e s .
B y  th e  s t a n d a r d s  o f  most m a n i m a l i a n  e n d o c r i n e  t i s s u e s ,  t h e  
^ m o i i n t  o f  p r o t e i n  lo c a te d  in  t h e s e  f r a c t i o n s  i n  r e l a t i o n  t o  
t h e  w e i g h t  o f  t h e  g l a n d  a n d  t o  t h e  p r o t e i n  c o n t e n t  o f  t h e  
c y t o p l a s m  i s  n o t  l a r g e ,  a n d  t h e r e  i s  n o  su g g e s t io n  t h a t  t h e y  
m i g h t  b e  a r t i f i c i a l l y  r a i s e d  as a  c o n s e i i u e n o a  o f  co n ta m in a tio n .
I t  t h e r e f o r e  s e e m s  th a t  t h e  i n c r e a s e d  s p e c i f i c  a c t i v i t y  
o f  a c id  H M a s e  i n  t h e  m i o r o e o m e s ,  o f  B M a e e  I  i n  t h e  m i t o c h o n ­
d r i a ,  a n d  o f  DNAase I I  i n  b o t h  m i t o c h o n d r i a  a n d  microeomes o f  
t h y r o t o x i c  t h y r o i d  t i s s u e  c a n  h e  a c c e p t e d  a s  g e n u i n e  f in d in g s .  
B e f o r e  t h e y  c a n  b e  v i s u a l i s e d  a s  f e a t u r e s  a s s o c i a t e d  e i t h e r  
p r i m a r i l y  o r  s e c o n d a r i l y  w i t h  t h e  m e t a b o l i c  e f f e c t s  o f  t h y r o -  
t o x i c o s i s ,  i t  i e  n e c e s s a r y  t o  r u 3 . e  o u t  t h e  p o e s i h i l i t y  t h a t  
t h e y  m i g h t  h e  r e l a t e d  t o  d r u g - t r a a t m e n t  o r  t o  c h a n g e s  i n  t h e  
a c t i v i t y  o f  o t h e r  e n d o c r i n e  g l a n d s .  I n  t h i s  c o n n e c t i o n ,  t h e  
a b i l i t y  o f  a % o  dyes t o  r a i s e  t h e  l e v e l  o f  H M a s e  a c t i v i t y  i n  
k i d n e y  a n d  l i v e r  s h o u l d  h e  h o m e  i n  B l in d  ( H a h i n o v i t c h  e t  a l . ,  
1 9 6 1 )  a s  w e l l  a a  t h e  e f f e c t s  o f  a d r e n a l e c t o m y  a n d  h y p o p h y s e c t o m y ’ 
upon n u c lea se  l e v e l s  i n  l i v e r  and k i d n e y  ( S t e v e n s  a n d  E e i c l ,
19569  H e l d  and S t e v e n s ,  1 9 5 8 ) .  T h e  i n f l u e n c e  o f  d i e t a r ^ r  
p r o t e i n  upon H M a s e  a c t i v i t y  (Zigman a n d  A l l i s o n , 1 9 5 9 )  i s  y e t
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one more example o f th e  s e n s i t i v i t y  shovm by t h i s  ensyme tow ards 
e x te rn a l  f a e to r e ,  and i t  would n o t he unexpected  were th e  engyme 
le v e l  to  In c re a se  in  c o n d itio n s  a s so c ia te d  w ith  n e g a tiv e  
n itro g e n  balance,«
T h e  cy to p la sm ic  p a r t i c l e s  o f  t h y r o i d  a d e n o m a t a  d o  n o t  
a p p e a r  t o  d i f f e r  i n  t h e i r  e n s y m i o  p r o p e r t ie s  f r o m  t h o s e  o f  
t h e  n o r m a l  g l a n d *
T h e  a c t i v i t y  o f  a l l  t h e  e n s y m e e  s t u d i e d ,  w i t h  t h e  e x c e p t i o n  
o f  a c i d  B R l a s o ,  a r e  e i g n i f  l e a n t  *ly h i g h e r  i n  t h e  s u p e r n a t a n t  
o f  t h e  c a r c i n o m a t a  r e l a t i v e  t o  p r o t e i n  t h a n  t h o s e  o f  t h e  
G o r r e s p o n d i n g  e n ^ r m e e  o f  t h e  n o r m a l  g l a n d  ; y e t  n o  d i f f e r e n c e s  
w e r e  e v i d e n t  w h e n  a c t i v i t y  w a s  c o m p a r e d  o n  t h e  h a e i e  o f  t h e  
w e i g h t s  o f  t h e  t i s s u e s .  S i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  
s p e c i f i c  a c t i v i t i e s  o f  n u c l e a s e s  i n  t h e  p a r t i c u l a t e  f r a c t i o n s  
o f  n o r m a l  a n d  c a r c i n o m a ,  e x c e p t  f o r  DNAase XX w h i c h  w a s  
,e l e v a t e d  i n  c a n c e r  m i t o o h o n d r i a ,  v / e r e  n o t  a p p a r e n t  i n  t h i s  
s t u d y # T h e  a c t i v i t i e s  o f  B l A a e e  I  a n d  X I  i n  t h e  ^ ^ M i t o c h o n d r i a l * *  
a n d  ^ 'M ic r o s o m a l* *  f r a c t i o n s  o f  t h e  c a r c i n o m a t a  w e r e  e i g n i f i e a n t l y  
i n c r e a s e d  r e l a t i v e  t o  t h e  w e i g h t  o f  t h e  t i s s u e .  B o  f a r  a s
t h e  d i s t r i b u t i o n  o f  t h e  e n s y m e s  i n  t h y r o i d  c a r c i n o m a t a  i o  c o n ­
c e r n e d ,  t h e r e  i s  a  s h i f t  i n  a c i d  E M a s e  a n d  D N A a s e  I I  f r o m  
su p ern atan t t o  p a r t i c l e s  c o m p a r e d  w i t h  t h e  d i s t r i b u t i o n  o f  
th e s e  e n s s y m e e  in  t h e  normal g l a n d .
f o r  r e a s o n s  w h i c h  h a v e  a l r e a d y  b e e n  g i v e n ,  i t  i s  d i f f i c u l t
t o  i n t e r p r e t  t h e  c h a n g e s  i n  a c t i v i t y  o f  t h e  su p ern atan t e n s y m e s
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i n  t h e  e a r o i m o m a t a  b e  c a u s e  t h e  c e l l  m a s s  o f  t h e  s a m p l e s  w a s  
n ot d e t e r m i n e d *  M u c h  o f  t h e  I n c r e a s e  i n  s p e c i f i c  a c t i v i t y  
im iB t  h e  t o e  to  d i m i n u t i o n  i n  t h e  a m o u n t  o f  $ C ollo id^  i n  t h e  
s a m p l e s  w h i c h  I s  r e f l e c t e d  i n  t h e  v e r y  l o w  p r o t e i n  c o n t e n t  o f  
t h e  o a r- ’o i B o m a  a u p e r n a t a n t e .  I t  l a  s u r p r i s i x i g  t h a t  n o  d l f f — 
e r e n c e e  a r e  a p p a r e n t  r e l a t i v e  t o  t h e  w e i g h t  o f  t h e  t i e a u e ,  
s i n c e  * C o llo id *  m u s t  a c c o u n t  f o r  a  c o n s i d e r a b l e  p r o p o r t i o n  o f  
t h e  w e i g h t  o f  t h e  n o r m a l  g l a n d *  On t h e  o t h e r  hand, o a r o i n o m a t a  
c o n t a i n  i n c r e a s e d  f i b r o u s  and s t r o m a l  e l e m e n t  a  a s  w e l l  a s  
d e g e n e r a t i v e  n o n - o e l l u l a r  a r e a s |  b e s i d e s ,  c h a n g e s  i n  w e i g h t  
o f  t h e  n u c le i  w o u l d  t e n d  to  l i m i t  t h e  w e i g h t  o f  t m e  i n t r a ^  
c e l lu la r  c y t o p l a s m  p r e s e n t  i n  a  g i v e n  w e i g h t  o f  i n t a c t  c a n c e r  
t i s s u e *  T h e  i m p o r t a n t  q u e s t i o n  w h e t h e r  t h e  c o n c e n t r a t I o n a  
o f  t h e s e  e n z y m e s  a r e  a c t u a l l y  i n o r e a a e d  p e r  c e l l  i s  u n l i k e l y  
t o  b e  answered fo r  th y r o id  o a r c i n o m a t a  u n t i l  e x a m i n a t i o n  o f  
p u r e  c u l t u r e s  o f  m align an t c e l l s  becomes p o s s ib le .  At a  
r o u g h  e s t im a te ,  t h e  a o t i v i t i e B  o f  th e  s u p e r n a t a n t  enzymes a r e  
d o u b l e d  w h e r e a s  t h e  c o n c e n t r a t i o n  o f  p r o t e i n  i s  h a l v e d ,  s o  t h a t  
i f  t h e  p r o t e i n  c o n t e n t  o f  n o r m a l  t h y r o i d  s u p e r n a t a n t  c o n s i s t s  
ap proxim ately  o f  i n t r a -  a n d  e x t r a - c e l U m l a r  p r o t e i n  o n  a n  
e q u a l  b a s i s ,  t h e r e  i s  l i t t l e  d i f f e r e n c e  b e t w e e n  th e  s p e c i f i c  
a c t i v i t i e s  o f  t h e  v a r i o u s  e n s s y m e s  i n  t h e  a c t u a l  c y t o p l a s m  o f  
t h e  n o r m a l  a n d  m a l i g n a n t  t h y r o i d  c e l l *  I n  f a c t ,  t h i s  a s s u m p ­
t i o n  i s  n o t  a l t o g e t h e r  v a l i d  b e c a u s e  i t  h a s  b e e n  c a l c u l a t e d  
t h a t  t h e  th y r o g lo b u lin  c o n t e n t  o f  t h e  t h y r o i d  a p p r o x i m a t e s  t o
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lO fù  o f  t h e  s o l u b l e  p r o t e i n  o f  t h e  g l a n d  ( B a l l ,  B o b b i n s  a n d  
I M e l h o o h ,  I 9 6 0  ;  B h u l m a n  a n d  W i t e b a k y ,  1 9 6 0 ) ,  a n d  m o o t  o f  t h i s  
i s  l i k e l y  t o  b e  e x t r a c e l l u l a r # A g a i n s t  t h i s , o n e  h a s  t o  s e t  
t h e  v a r i a b l e ,  b u t  o n  t h e  w h o l e  l o w e r  a m o u n t s  o f  * O o l l o l c V  t h a t  
m a y  b e  p r e s e n t  i n  c a r c i n o m a t a .  O n e  a p p r o a c h  t o w a r d s  a  r e ­
s o l u t i o n  o f  t h i s  p r o b l e m  I s  s u g g e s t e d  b y  t h e  f a c t  t h a t  t l i y r o -  
g l o b u l i n  h a s  a  s h a r p  r a n g e  o f  i n s o l u b i l i t y  i n  a m m o n iu m  s u l p h a t e  
a n d  i n  p o t a s s i u m  p h o s p h a t e  b u f f e r s  ( D e r r i e n ,  M i c h e l  a n d  R o c h e ,  
1948 ) .  O o n d i t i o B S  p e r m i t t i n g  t h e  m a x im u m  p r e c i p i t a t i o n  o f  
t h y r o g l o b u l i n  w i t h  t h e  m i n im u m  l o s e  o f  e n z y m e  a c t i v i t y  s h o u l d  
b e  s o u g h t  b y  t h y r o i d  en^ymol e g i s t s  o f  t h e  f u t u r e ,  a n d  m i g h t  
o f f e r  t h e  m o s t  m e a n i n g f u l  b a s i s  f o r  c o m p a r i n g  t h e  a c t i v i t i e s  
i n  v a r i o u s  t y p e s  o f  t h y r o i d  d i s e a s e *
T h e  i n c r e a s e d  D N A a s e  I I  s p e c i f i c  a c t i v i t y  i n  t h e  * 'M i t o -  
c h o n d r i a l * '  f r a c t i o n  o f  t h y r o i d  carcinom ata i s  a  a i g n i f i e a n t  
f i n d i n g  w h i c h  i s  n o t  o p e n  t o  t h e  o b je c t io n s  a p p l i c a b l e  t o  t h e  
s u p e r n a t a n t  e n m y m e s #  T h i s  w o u l d  a p p e a r  t o  b e  g e n u i n e l y  
a s s o c ia te d  w i t h  t h e  t h y r o i d  c a n c e r  c e l l  a n d  i s  i n  a c c o r d  w i t h  
t h e  i n c r e a s e d  a c t i v i t y  o f  t h i s  enayme f o u n d  i n  t h e  c y t o p l a s m i c  
p a r t i c l e s  o f  b r e a s t  a n d  c e r v i c a l  caroinom ata s t u d i e d  i n  t h i s  
w o r l c .  B i n  c e  t h e  a c t i v i t y  l o c a t e d  i n  t h e  ' 'M i t o c h o n d r i a l * *
f r a c t i o n  i s  s u c h  a  s m a l l  p e r c e n t a g e  o f  t h a t  i n  th e  e n t i r e  c y t o ­
p l a s m ,  t h i s  w o u l d  n o t  seem t o  b e  a n  i m p o r t a n t  c h a n g e .  However 
t h e  r e c e n t d é m o n s t r a t i o n  t h a t  m i t o c h o n d r i a  c a n  a n d  d o  c o n t a i n
B M  ( N a e s  a n d  M a s s ,  1 9 6 3  ? K a lf ,  1 9 6 4  ;  l u c k  a n d  R e i c h ,  1 9 6 4 ) ,  
l e n d s  s o m e  p o i n t  t o  t h i s  o b s e r v a t i o n *  T h e  i n c r e a s e d  a c t i v i t y
2 2 0 #
o f  p a r t i c u l a t e  BMAaeea r e l a t i v e  t o  th e  v& ght o f  c a n c e r  t i s s u e  
i s  p ro b a b ly  a  r e f l e c t i o n  o f  th e  in c r e a s e d  p r o t e in - c o n te n t  o f  
th e s e  f r a c t i o n s  t o g e th e r  w ith  th e  m o dera te  in c r e a s e  i n  s p e c i f i c  
a c t i v i t y  o f  th e  enzym es, n e i t h e r  in c r e a s e  b e in g  i n d i v id u a l l y  
s i g n i f i c a n t  i n  t h i s  s tu d y ,  b u t when t h e i r  e f f e c t s  a r e  sm m a te d  
a s  th e y  a re  when th e  a c t i v i t y  o f  a  g iv e n  f r a c t i o n  i a  e x p re s s e d  
r e l a t i v e  to  th e  w e ig h t o f  th e  t i s s u e , q u i t e  s t r i k i n g  i n c r e a s e s  
a r e  found* C e r t a i n l y ,  t h e r e  i s  l i t t l e  s u p p o r t  h e re  f o r  th e  
v ie w , d e r iv e d  from  s tu d y  o f  a n im a l tu m o u rs , t h a t  m a lig n an cy  i s  
n e c e s s a r i l y  a s s o c ia te d  w ith  l o s e  o f  form ed p a r t i c l e s  from  th e  
cy to p la sm  ( A l la r d ,  do Damirande and C a n te ro , 1953 I E i a l a ,
1953 s 1961 ; E c h n e id a r  e t  a l * ,  1953 I de Damiraride and A l l a r d ,  
1959as F ia la  and f i a l a ,  1959)♦  The s h i f t  i n  a c t i v i t y  o f  a c id  
ENAaeo and o f  DNAase I I  so  t h a t  th e  p e rc e n ta g e  fo u n d  i n  th e  
su p ern atan t I s  d e c re a s e d  w h ereas  t h a t  fo u n d  i n  th e  p a r t ic l e s  
l a  in c r e a s e d  a l s o  c o n f l i c t s  w ith  th e  a i t u a t i o n  found i n  r a t  
l i v e r  tum ours (d e  D am irande, A J l l a r d  and G a n te ro , 1954 I 
A l la rd  e t  a l # , 195T ; H eld  and D o ts , 1958 ; B oth  a t  a l # , 1964 )•
I n  a lm o s t e v e ry  r e s p e c t  exam ined , th e  sam p les  o f  t h y r o id ­
i t i s  c o n ta in  h ig h e r  ensyme a c t i v i t i e s  th a n  th e  norm al t i s s u e *
The s p e c i f i c  a c t i v i t y  o f  DNAase I I  i s  inez^eaeed t h r e e - f o l d  i n  
th e  s u p e r n a ta n t ,  w h ile  f o r  th e  o th e r  f o u r  enzymes s tu d ie d  th e  
i n c r e a s e s  w ere f i v e -  t o  t e n - f o l d  o r  more i n  t h i s  f r a c t i o n #
The p r o t e i n  c o n te n t  o f  th e  s u p e r n a ta n t  i n  t h i s  c o n d i t io n  r e l a t i v e  
t o  th e  w e ig h t o f  t i s s u e  i s  o n ly  a  t h i r d  o f  th e  v a lu e  f o r  th e
//
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normal g land*  The in o ra a e e d  êngyme a c t i v i t y ,  w ith  th e  p o s s ib le  
e x c e p t io n  o f  DNAase I I ,  i e  t im s  much g r e a t e r  th a n  can  be 
ao o o u n ted  fo r  on th e  bmle o f  lo s e  o f  e x t r a c e l lu la r  *O ollo id*  
and th e  o o n e lu e io n  1b in e s c a p a b le  t h a t  th e s e  changes a r e  th e  
r e s u l t  o f  in c r e a s e d  c o n c e n t r a t io n  o f  th e s e  enzym es i n  th e  c y to ­
p lasm  o f  th e  c e l l s  i n  t h y r o id i t i s ;  t h i s  m ist be e s p e c i a l l y  so  
w ith  a lk #  ERAaee and ad en osin e  d eam in ase , dram atic i n c r e a s e s  "
. o f  w hich  were r e c o rd e d  when th e  a o t lv i t y  was m easured  r e la t iv e
Mf#V' t o  th e  w e ig h t o f  th e  t i s s u e  * The in c r e a se d  s p e c i f i c  a c t i v i t y  
j o f  alk* and a c id  EHAase i n  b o th  p a r t io u la te  f r a c t i o n s  i e  a ls o  
v ezy  s t r i k i n g  and can  be d e s c r ib e d  as  a  d e f i n i t e  c h a r a c t e r is t ic  
o f  th e  c e l l e  p r e s e n t  i n  th e  th y r o id  i n  t h y r o i d i t i s ;  even  though  
th e  p r o t e in  c o n te n t  p e r  g .  o f  t i s s u e  o f  th o s e  f r a c t i o n s  %b 
somewhat low er th an  th e  corresp on d in g  v a lu e  f o r  no rm al t h y r o id  
th e  a c t i v i t y  o f  th e  f r a c t i o n s  r e l a t i v e  t o  th e  w e ig h t o f  t i s s u e  
i s  3 -4  t im e s  t h a t  o f  th e  norm al g la n d .  lb  s i g n i f i c a n t  ch an g es  
i n  th e  a c t i v i t y  o f  DNAases w ere fo u n d  i n  th e  p a r t i c l e  f r a c t io n s  
o f  t h y r o i d i t i s  t i s s u e  a l th o u g h  th e y  show a  f a i r l y  g e n e r a l  
tendfcnoy to  be h ig h e r  th a n  th e  n o rm a l. D ike th e  sam p les o f  
o a ro in o m a ta , t h y r o i d i t i s  t i s s u e  co n ta in s  a  h ig h e r  p e rc e n ta g e  
o f  th e  c y to p la s m ic  p r o t e i n  i n  th e  p a r t i c u l a t e  f r a c t i o n s , and 
th e  t i s s u e  i s  s i m i l a r  to  t h e  carcinom ata i n  h a v in g  a  h ig h e r  
p e rc e n ta g e  o f  th e  e y to p ls s m io  a c id  HRAase and DNAase I I  i n  
th e s e  f r a c t i o n s q  T h is  i s  i n  harmony w ith  h i s t o l o g i c a l  f i n d in g s  
w hich  i n d i c a t e  th e  p re se n c e  o f  m ito o h o m d rio n -r  1 ch c e l l s  i n  t h e
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t h y r o i d  x n  la e h lm o to ^ a  t h y r o i d i t i s  ( Ï Ï r e m l Q l a y  and P e a re e ,  I 9 6 0  |  
I r v i n e  a n d  E i i i r ,  1 9 6 3  )o
O n e  o f  t h e  m o s t  i n t e r e s t i n g  f e a t u r e s  o f  t h y r o i d i t i s  t i s s u e   ^
a n d  i n  t h i s  r e s p e c t  i t  d i f f e r s  f r o m  t h e  o a r o i n o m a t a  a s  a  g r o u p ,  
i s  t h e  f a c t  t h a t  B M a s e s  a n d  ad en osin e d e a m i n a s e  s h o w  g r e a t l y  
i n e r e a e e d  a c t i v i t y  w h e r e a s  B M A a s e a  a r e  i n c r e a s e d  t o  a  v e r y  m u c h  
l e s s e r  e x t e n t #  A n  a s p e c t  o f  t h e  d a t a  w h i c h  m a d e  a n  i m p r e s s i o n  
w h e n  t h e  r e s u l t 0  on i n d i v i d u a l  c a s e s  w e r e  s c r u t i n i s e d  v e r y  
c a r e f u l l y  w a s  t h e  f a c t  t h a t  i n c r e a s e d  s p e c i f i c  a c t i v i t y  o f  
D N A a s e  I I  w a s  g e n e r a l l y  a c c o m p a n i e d  h y  i n c r e a s e d  s p e c i f i c  
a c t i v i t y  o f  ad en osin e  deam inase i n  t h e  s u p e r n a t & m t  f r a c t i o n ,  
e x c e p t  i n  t h y r o i d i t i s  a n d  t h e  h i g h l y  a n a p l a s t i c  c a r c i n o m a #
T h i s  r e l a t i o n s h i p  w a s  a n a l y s e d  i n  t h e  f o r m  o f  a  g r a p h  w îie s æ  
t h e  two a c t i v i t i e s  a r e  p l o t t e d  f o r  e a c h  t i s s u e  ( F i g u r e  2 6  ) *
A l l  t h e  p o i n t s  w e r e  g r o u p e d  i n  a  m a n n e r  s u g g e s t i n g  a  l in e a r  
r e la t io n s h ip  e x c e p t  f o r  t h e  fo u r  s a m p l e s  o f  H a e h i m o t o ’ B t h y r o i d - *  
i t i s  a n d  t h e  a n a p l a s t i c  carcinoma# !Dhe c o , r r e l a t i o n  c o e f f i c ­
i e n t  r  -  0 * 4 6  w a e  c a l c u l a t e d  e x c l u d i n g  t h e s e  f i v e  p o i n t s  a n d  
w a s  h ig h ly  s i g n i f i c a n t  p - 0 # O O 5 ) .  ï w o  p o i n t s  a r i s e
from t h i s  r e l a t i o n s h i p #  F i r s t l y ,  i t  w o u l d  a p p e a r  t h a t  a  c o m m o n  
f a c t o r  l a  o p e r a t i n g  t o  i n c r e a s e  t h e  s p e c i f i c  a c t i v i t y  o f  D o t h  
e n z y m e s  ; t h i s  c o u l d  he e i t h e r  a  p r o g r e s s i v e  l o s s  o f  e x t r a ­
c e l l u l a r  p r o t e i n  o r  a  s p e c i f i c  c o n o o tr a tio n  o f  both  enzymes 
i n  t h e  cytop lasm  a r is in g  f r o m  t h é  p a t h o l o g i c a l  c h a n g e s  i n  t h e  
t i s s u e s  a s  p r e v i o u s l y  d i s c u s s e d #  f h e  s e c o n d  i a  t h e  p o s s i b i l i t y  
t h a t  t h o s e  sam ples n o t  f a l l i n g  o n  t h e  l i l i e  a r e  p o p u l a t e d  b y
2 2 3 ^
c e l l e  n o t  d e r i v i n g  f r o m  t h e  e p ith e liu m  o f  t h e  t h y r o i d #  O n  
o t h e r  g r o u n d s ,  p s r ^ t i o u l a r l y  i n  t h e i r  h i g h  c o n t e n t  o f  m i t o c h o n ­
d r i a  a n d  m l G r o a o r a e s ,  t h e r e  i s  r e a s o n  t o  s u s p e c t  t h a t  a  v e r y  
l a r g e  n u m b e r  o f  c e l l s  p r e s e n t  i n  H a e h i m o t o * s  t h y r o i d i t i s  a r e  
n o t  r e l a t e d  t o  t h y r o i d  e p i t h e l i u m ,  a n d  s u o h  a  v i e w  i s  i n  aecord  
w i t h  t h e  f in d in g s  o f  i n v e s t i g a t o r s  h a v e  examined t h i s  
q u e s t i o n  f r o m  a  i i i s t o l o g i o a X  s t a n d p o i n t  ( P a r m l e y  a n d  H e l l w i g ,  
1 9 4 6  ; I r v i n e  a n d  M u i r ,  1 9 6 3  )* I t  i s  t e m p t i n g  t o  s u g g e s t  
t h a t  t h i s  r e l a t i o n s h i p  m i g h t  a s s i s t  i n  d is t in g u is h in g  b e t w e e n  
a n a p l a a t i e  tumours d e r i v e d  from  t h y r o i d  e p i t h e l i u m ,  and tumours 
o f  t h e  l y m p h o m a  g r o u p  w h i c h  a r e  d e r i v e d  f r o m  l y m p h o i d  t i s s u e #  
f h e s e  t u m o u r s  c a n n o t  r e a d i l y  h e  d is t in g u is h e d  by h i s t o l o g i c a l  
c r i t e r i a ,  y e t  on p r o g n o s t i c  g r o u n d s  i t  i s  i m p o r t a n t  t h a t  t h e  
d i s t in c t io n  h e  m a d e  ( W a r r e n  a n d  M o i s s n e r ,  1 9 9 3  X
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Smmary o f  S ig n i f  loanb Fincliaffs
W i t h  t h e  a x e e p t i o B  o f  D N A a s e  I ,  a j l l  f i v e  e n s j m e s  s t u d i e d  
were e l e v a t e d  in  t h e  s u p e r n a t a n t  f r a c t io n  o f  h u m a n  b r e a s t  
e a r o i n o B i a  r e l a t i v e  t o  th e  a o t i v i t i e a  I n  normal b r e a s t  t i s s u e  
w h e t h e r  a c t i v i t y  w a s  r e fe r r e d  t o  t h e  p r o t e i n  co n ten t o f  t h e  
f r a c t i o n  o r  t o  t h e  w e i g h t  o f  th e  sample# I n  a  g r o u p  o f  
s a m p l e s  f r o m  o a s e s  o f  o y s t l o  m a s t o p a t h y ,  t h e  e p e o i f i c  a c t i v i t i e s  
o f  B M a . s e  I I  and o f  a d e n o s i n e  d e a m i n a s e  w e r e  i n c r e a s e d  i n  t h e  
s u p e r n a t a n t  r e l a t i v e  t o  t h e  n o r m a l  t i s s u e #  S h e  a c t i v i t i e s  
o f  b o t h  l l M a e e s  a n d  o f  a d e n o s i n e  d e a m i n a s e  r e l a t i v e  t o  b o t h  
w e i g h t  a n d  p r o t e i n  c o n t e n t  w a r e  i n c r e a s e d  s i g n i f i c a n t l y  i n  t h e  
carcinom a g r o u p  a b o v e  t h e  l e v e l s  r e a c h e d  i n  t h e  s u p e r n a t a n t  
f r a c t i o n  f r o m  t h e  c y s t i c  m a s t o p a t h y  s a m p l e s ;  t h e  c o n t e n t  o f  
B H A a e a  I I  r e l a t i v e  t o  t h e  w e i g h t  o f  t i s s u e  w a s  h i g h e r  i n  t h e  
c a r c i n o m a  g r o u p  t h a n  i n  m a s t o p a t h y ;  h u t  s u c h  d if f e r e n c e s  a s  
were found i n  a c t i v i t y  o f  B l l l a a e  X i n  t h e  t w o  c o n d i t i o n s  w e r e  
n o t  r e m a r k a b l e *  W h i l e  t h e  l e v e l  o f  a c t i v i t y  o f  t h e s e  enzymes 
t e n d e d  f o r  t h e  m ost p a r t  t o  b e  e l e v a t e d  i n  f 1 h r o a d e n o m a t a  c o m ­
p a r e d  w i t h  n o r m a l  t i s s u e ,  t h e s e  w e r e  n o t  s i g n i f i c a n t  I n  a n y  
i n s t a n c e  ( T a b l e  E  ) #
The N atu re  o f  th e  Enzyme A c tiv i t y
# f P ' ' # r r r # 1 1 ,ii i i i ni j ,  i , i i |iiTi i l i i i i i i i . i . t f f t im r M t f i  w    
B y  a n d  l a r g e ,  t h e  r a t i o  o f  a c i d  t o  a l k #  E M A a s e  a c t i v i t y  
i n  t h e  s u p e r n a t a n t  o f  h u m a n  b r e a s t  i s  f a i r l y  c o n s t a n t
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i r r e s p e o t l v e  o f  t h e  n a t u r e  o f  t h e  t l e s i i e ,  a l t h o u g h  t h e  r a t i o  
f o r  t i s s u e 8  i a  t h e  m astopathy g r o u p  i a  perhaps somewhat l o w e r  
t h a n  t h a t  o f  t h e  o th e r  g r o u p a  ; a t  l e v e l s  o f  a c t i v i t y  aa l o w  
a s  0*13 u n i t s  p e r  mg*, p r o te in ,  t h e  mean a c i d  E H A a s e  a c t i v i t y  
f o r  t h e  m a s t o p a t h y  grou p ,  t h e  a e e a y  m e t h o d  i s  n o t  s u f f i e i e a t l y  
p r e c i s e  t o  p e r m i t  o f  p r o p e r  e v a l u a t i o n T h e  l i m i t a t i o n s  i n ­
v o l v e d  i m  o b ta in in g  d a t a  o n  o y t o p l a s m i o  p a r t i c l e s  f r o m  b r e a s t  
t i s s u e  h a v e  b e e n  f u l 3 y  d e sc r ib e d ; c l e a r l y ,  a m e h  s c a n t y  d a t a  
m u s t  b e  i n t e r p r e t e d  w i t h  c a u t i o n #  N e v e r t h e l e s s ,  i f  o n e  com­
p ares t h e  r a t io  o f  a c i d  t o  a l k .  RNAase i n  t h e  c y t o p l a s m  w i t h  
t h a t  i n  t h e  par t i d e  a , th e r e  i s  s o m e  e v i d e n c e  f o r  a  r e l a t i v e  
c o n c e n t r a t i o n  o f  t h e  a c i d  I l f A a a o  i n  t h e  f o r m e r #  Thus, in  t h e  
n o n - m a l i g n a i a t  t i s s u e s ,  t h e  r a t i o  i s  1 : 2  i n  t h e  s u p e r n a t a n t  a n d  
1 : 3  i n  t h e  p a r t i c l e s ;  in  t h e  m a l i g n a n t  t i s s u e s ,  t h e  c o r r e s ­
ponding r a t i o s  are 2 :3  and 2 :5  r e s p e c t i v e l y  ( T a h l e e  H, 5 3 , 5 4 ) # 
V e r y  t e n t a t i v e l y , i t  m a y  b e  su g g ested  t h a t  th e s e  r e  s u i t e  a r e  
com patib le v d t h  t h e  p r e s e n c e  o f  an a c id  B I A a s e  in  t h e  c y t o p l a s m  
a n d  an a l k *  B N A a e e  i n  t h e  m itochondria# T h e  s p e c i f i c  a c t i v i t y  
o f  a l k *  E M a B O  i m  t h e  p a r t i c l e s  o f  t h e  n o n - m a l i g n a n t  t i s s u e s  
1 b  o f  t h e  s a m e  o r d e r  a s  t h a t  in  t h e  s u p e r n a t a n t ,  w h i l e  in  t h e  
m a l i g n a n t  t i s s u e s ,  t h e  p a r t i c l e s  h a v e  s o m e w h a t  h ig h er  s p e c i f i c  
a c t i v i t y  t h a n  t h a t  o f  t h e  s u p e r n a t a n t #  W i t h  a c id  H M a s e ,  o n  
th e  o th e r  h a n d , t h e  s p e c i f i c  a c t i v i t y  o f  t h e  p a r t i a l e e  i s  
co n sid era b ly  b e l o w  t h a t  o f  t h e  s u p e r n a t a n t  i n  t h e  n o n - x a a l i g n a n t
t i s s u e s ,  a n d  a  l i t t l e  b e l o w  i n  t h e  ^ 'M i c r o s o m a l * *  f r a c t i o n  o f
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t h e  m alignant t i s s u e s  -  t h e  "M itochondrial*' f r a c t i o n  o f  t h e  
l a t t e r  having s p é c i f i é  a c t i v i t y  o f  a c i d  R M a s e  a  ) p r o x i m a t e l y  
e q u a l  t o  th a t  f o u n d  i n  t h e  su p e rn a ta n t .  T h e s e  o b s e r v a t i o n s ,  
l i m i t e d  a s  t h e y  a r e  t o  a  f e w  s a m p l e s ,  w o u l d  s u p p o r t  t h e  d i s ­
t r i b u t i o n  s u g g e s t e d  a b o v e #  I n  v i e w  o f  t h e  r e p e a t e d  f r e e z i n g  
a n d  t h a w i n g  t o  w h i c h  t h e  t i s s u e s  w e r e  s u b j e c t e d  d u r i n g  t h e  
p r e p a r a t i o n  o f  t h e  h o m o g e n a t e ,  i t  i s  u n l i k e l y  t h a t  m a n y  m ito ­
chondria  cou ld  h a v e  s u r v i v e d  i n t a c t ,  a n d  i t  w o u l d  n o t  be s u r ­
p r i s i n g  i f  t h e  b u l k  o f  m ito ch o n d r ia l enzymes w o r e  l i b e r a t e d  
i n t o  t h e  s u p e r n a t a n t #  T h i s  w o u l d  a l s o  a p p l y  t o  l y s o s o m a l  
e n z y m e s , so  t h a t  i f  s u c h  s t r u c t u r e s  a r e  p r e s e n t  i n  h u m a n  b r e a s t ,  
i t  i s  c o n c e i v a b l e  t h a t  t h e  a c i d  E N A a s e  a c t i v i t y  m e a s u r e d  i n  
t h e  s u p e r n a t a n t  i n  f a c t  d e r iv e s  f r o m  t h i s  s o u r c e  # E v i d e n c e  
f o r  t h e  l o c a t i o n  o f  a c i d  H M a s e  i n  l y s o s o m e s  o f  r a t  mammary 
g l a n d  h a s  b e e n  p r e s e n t e d  ( G r e e n b m i m  e t  a l * ,  I 9 6 0  f S la t e r ,  1 9 6 1 ) *  
A s  w a s  t h e  e a s e  w i t h  t h y r o i d  t i s s u e ,  i t  w o u l d  a p p e a r  t h a t  
t h e  d i s t r i b u t i o n  o f  t h e  t w o  B F A a s e s  b e t w e e n  t h e  c y t o p l a s m i c  
f r a c t i o n s  i s  d i s s im i la r ,  a l t h o u g h  t h i s  o b s e r v a t i o n  i s  b a s e d  
u p o n  o n l y  ?  i n d i v i d u a l  s a m p l e s  o f  " M i t o c h o n d r i a l "  a n d  " M i c r o s o m a l "  
f r a c t i o n s  i n  t h e  e n t i r e  s e r i e s , T h e  s p e c i f i c  a c t i v i t y  o f  
D N A a s e  I  in  t h e s e  f r a c t i o n s ,  w a s  g r e a t e r  t h a n  t h a t  o f  t h e  
c o r r e s p o n d i n g  s u p e r n a t a n t  w h i l e  th e  s p e c i f i c  a c t i v i t y  o f  
D N A a s e  I I  w a s  i n v a r i a b l y  le s s #  T h e  l o w  D N A a s e  I  a c t i v i t y  
o f  t h e  a u p e r n a . t a n t  c o u l d  c o n c e iv a b ly  a r i s e  f r o m  a c t i v i t y  
o f  D N A a s e  I I  u n d e r  t h e  u n f a v o u r a b l e  c o n d i t i o n s  o f
y>
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a e e a y  w h e r e a s  t h i s  i s  X e a a  c r e d i b l e  f o r  th e  p a r t i c l e s  b e c a u s e  
o f  t h e  in c r e a se d  a c t i v i t y  o f  t h e  form er e n z y m e  a n d  t h e  d e c r e a s e d  
. a c t i v i t y  o f  t h e  l a t t e r #  T h e r e  a r e  t h u s  a t  l e a s t  t w o  d i s t i n c t  
D N A a s e s  I n  t h e  h o m o g a n a t e ;  a n  e n z y m e  a k i n  t o  D N A a s e  I  w h i c h  
A .S  co n cen tra ted  I n  th e  p a r t i c l e  f r a c t i o n s ,  presum ably i n  l i g h t
/■
:4 m itoch on d ria  w h i c h / w o u l d  p r o b a b l y  h e  d i s t r i b u t e d  b e t w e e n  h a t h
7 .■ * /
/^ M itoch on d r ia l"  and "Microsomal" fractions a s obtained in  t h e s e
/> '. B t a d i e s ;  a n d  a n f  e n z y m e  a k i n  t o  D N A a s e  I I  w h i c h  i e  c o n c e n t r a t e d  
/ i n  t h e  s u p e r n a t a n t '  h u t  c o u l d  h e  ly so so m a l i n  o r i g i n *  T h e  r a t h e r
d i f f e r e n t  h e h a v i d u r  s h o w n  by a lk .  H M a s e  a n d  by D N A a s e  I  would  
su g g e s t  t h a t  i f  t h e y  a r e  p r e s e n t  i n  t h e  same p a r t i c l e s ,  t h e n  
t h e  f o r m e r  e n z y m e  m i g h t  b e  l o c a t e d  i n  t h e  s a p  a n d  t h e  l a t t e r  
i n  t h e  m e m b r a n e  o r  a r i s t a e ,  i n  o r d e r  t o  a c c o u n t  f o r  th e  r e l a t ­
i v e ly  h i g h e r  c o n c e n t r a t i o n  o f  a l k *  H M a s e  i n  t h e  s u p e r n a t a n t  * 
O t h e r  f a c t o r s  w h i c h  w o u l d  accou n t f o r  t h e  ob served  b ehaviour  
c o u l d  b e  d i f f e r e n c e s  in  t h e  l e v e l s  o f  in h ib i t o r s  o f  t h e  t w o  
enzymes i n  t h e  su p e r n a ta n t ,  o r  in  i t s  i n t r i n s i c  co n ten t o f  t h e  
t w o  e n z y m e s .  I T n t i l  t e c h n i q u e s  b e c o m e  a v a i l a b l e  f o r  t h e  d i s ­
r u p t i o n  o f  b r e a s t  t i s s u e  by b l a n d  p r o c é d u r e s  w h i c h  do n o t  le a d  
t o  d e s t r u c t i o n  o f  t h e  cy to p la sm ic  p ^ a r t i c X e e ,  t h i s  p r o b l e m  i s  
l i k e l y  t o  r e m a i n  u n so lv e d .
T h e  d ata  f o r  t h e  p r o t e i n  c o n t e n t  o f  h u m a n  b r e ^ î î  ( T a b l e s  
55 a n d  5 6  )  s h o w  v a l u e s  w h i c h  a r e  w e l l  b e l o w  t h e  l e v e l s  
r e c o r d e d  f o r  t h e  v a r i o u s  f r a c t i o n s  o f  t h y r o i d  t i s s u e *  T h i s
i s  e s p e c i a l l y  e o  w i t h  t h e  s u p e r n a t a n t .  I t  i e  c l e a r  t h a t  
c o l l a g e n  a n d  o t h e r  in s o lu b le  p r o t e i n s  m u s t  c o n s t i t u t e  t h e
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b u l k  o f  th e  p r o t e i n s  p rese n t i n  ' b r e a s t  t i s s u e *  A l t h o u g h  t h e  
h i g h  f a t  c o n t e n t  o f  t h i s  t i s s u e  would c a u s e  a  r e d u c t i o n  o f  t h e  
p r o t e i n  c o n t e n t  w h e n  m e a s u r e d  r e l a t i v e  t o  t h e  w e i g h t  o f  t h e  
s a m p l e ,  t h i s  i s  o n ly  o n e  f a c t o r  a c c o u n t i n g  f o r  th e  r e d u c t i o n *  
F a i l u r e  to  a c h i e v e  c o m p l e t e  d i s r u p t i o n  o f  t h e  c e l l s  I s  a n o t h e r  
p o s s i h i l l t y  w h i c h  p e r h a p s  o u g h t  t o  h a v e  b e e n  c h e c k e d  h i s t o l o g ­
i c a l l y ^  l i l t  i t  i s  t h e  a u t h o r *  a  i m p r e s s i o n  t h a t  t h e  g r e a t e r  
p a r t  o f  t h e  i n s o l u b l e  r e s i d u e  p r e c ip ita te d  b y  s p i n n i n g  a t  5 0 Q g  
f o r  1 0  m i n .  c o n s i s t e d  o f  d e n s e  c o l l a g e n  f i b r e s , a n d  i t  i e  
l i k e l y  t h a t  i n  a l l  s a m p l e s  f i b r o u s  t i s s u e  c e l l s  o u t n u m b e r e d  
a c i n a r  c e l l s  q u i t e  c o n s i d e r a b l y #  B e c a u s e  o f  a l l  t h e s e  p r o b l e m s , 
e x te n s iv e  t r a p p i n g  o f  cy to p la sm ic  p a r t i c l e s  m u s t  h a v e  o c c u r r e d *  
F o r  t h i s  r e a s o n  t h e  r e s u l t s  # r  p a r t ic u la te  e n z y m e  a c t i v i t y  a n d  
p r o t e i n  c o n t e n t  p e r  g *  w e t  w e i g h t  a r e  n o t  w o r t h y  o f  s e r i o u s  
c o m m e n t  a l t h o u g h  t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e  e n z y m e s  i n  t h e s e  
f r a c t i o n s  a r e  p r o b a b l y  u n a f f e c t e d ,  a n d  r e m a i n  v o J i d #
R e la t io n  B e t w e e n  E n z y m e  O h a n g e  a n d  T i s s u e  P ath o logy
f o r  a l l  t h e  e n z y m e s  s t u d i e d ,  t h e  b r e a s t  t i s s u e s  s h o w e d  a  
g e n e r a l  i n c r e a s e  i n  s u p e r n a t a n t  a c t i v i t y  r e l a t i v e  t o  p r o t e i n  
c o n t e n t  o f  t h e  f r a c t i o n  a n d  w e i g h t  o f  t h e  t i s s u e  i n  t h e  f o l l o w i n g  
o r d e r I  n o r m a l ,  f i b r o a d e n o m a ,  m a s t o p a t h y ,  a n d  c a r c i n o m a #  O n e  
o r  t w o  m i n o r  e x c e p t i o n s ,  i n  t r u t h ,  c a n  b e  f o u n d ;  fo r  e x a m p l e , ,  
t h e  a c t i v i t y  o f  a c i d  E l fA B s e  i s  b e l o w  t h e  normal l e v e l  i n  t h e  
m a s t o p a t h y  g r o u p  w h i l e  t h e  D N A a s e  I  a c t i v i t y  o f  t h i s  t i s s u e
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l a  h i g h e r  t h a n  t h a t  o f  t h e  o a r e l n o m a t a *  B u t  t h e s e  d e v i a t i o n s  . 
f r o m  t h e  o v e r a l l  t r e n d  a r e  r e l a t i v e l y  t r i v i a l  a n d  d o  n o t  d e t r a c t  
f r o m  i t s  v a l i d i t y #  I t  w i l l  h e  r e c a l l e d  t h a t  a  s i m i l a r  p a t t e r n  
o f  s p é c i f i é  a c t i v i t y  w a s  f o r  t h e  m o s t  p a r t  o b t a i n e d  w i t h  t h e  
v a r i o u s  t y p e s  o f  t h y r o i d  l e s i o n s ,  s o  t h a t  i n  t h e  t w o  ‘( . l e ^ à e a ,  
n u o l e i e  a c i d  d e g r a d i n g  e n z y m e s  v m r e  i n c r e a s e d  i n  t h e  f o l l o w i n g  
r e l a t i v e  o r d e r : n o r m a l ,  b e n i g n  n e o p l a s m ,  h y p e r p l a s i a ,  a n d
m a l i g n a n t  n e o p l a s m .  H o w e v e r ,  t h e  p i c t u r e  i n  t h y r o i d  w a s  c o n ­
f u s e d  b y  t h e  r e d u c t i o n  i n  c o n t e n t  o f  e x t r a c e l l u l a r  e n z y m l c a l l y  
i n a c t i v e  p r e o t e i n  o c c u r r i n g  i n  t h e s e  p a t h o l o g i c a l  s t a t e s .
N o s u c h  e x p l a n a t i o n  i s  p o s s i b l e  f o r  t h e  b r e a s t ,  s i n c e ,  
i n  t h e  n o n - l a o t a t i n g  o r g a n ,  a l m o s t  a l l  t h e  p r o t e i n  w i l l  b e  
I n t r a c o l l u l a r o  O n  t h e  o t h e r  h a n d ,  o n e  d i f f i c u l t y  i n  i n t e r ­
p r e t i n g  t h e  r e s u l t s  l i e s  i n  t h e  f a c t  t h a t  a t  l e a s t  t w o  d i s t i n c t  
c e l l  t y p e s  are p r e s e n t  i n  la r g e  a m o u n t s  i n  h u m a n  b r e a . s t .  T h e  
c h a r a c t e r i s t i c s  o f  t h e  a c i n a r  c e l l s  a r e  a l m o s t  c e r t a i n l y  q u i t e  
d l s d . m i l a r  t o  t h o s e  o f  t h e  c e l l  c o n s t i t u e n t s  o f  f i b r o u s  a n d  
e o m i e e t i v e  t i s s u e .  A l t h o u g h  f a t t y  t i s s u e  v i s i b l e  t o  t h e  n a k e d  
e y e  w a s  r e m o v e d , s o m e  f a t  c e l l s  w o u l d  u n d o u b t e d l y  p e r s i s t  a n d  
r e p r e s e n t  a  t h i r d  c o l l  t y p e .  I t  i s  c e r t a i n  t h a t ,  i n  t h e  
s a m p l e s  o f  c a r c i n o m a t a ,  t h e  p r o p o r t i o n  o f  c e l l s  o f  a c i n a r  o r i g i n  
w o u l d  b e  g r e a t l y  i n c r e a . s e d o  O n  t h e  o t h e r  h a n d ,  t h i s  w o u l d  
n o t  b e  e x p e c t e d  o f  f  i b r  o  a d  e  n o m a t  a  a n d  m a s t o p a t h y  w h e r e  p ro ^ '-  
l i f e r a t i o n  o f  b o t h  o l e m o n t s  t a k e s  p l a c e ,  a n d  w h i l e  v a r i a t i o n s  
f r o m  e a s e  t o  c a s e  m i g h t  o c c u r ,  t h e  r a t i o  b e t w e e n  t h e  t w o  w o u l d  
n o t  d i f f e r  t o  a 'x iy  g r e a t  e x t e n t  f r o m  t h e  n o r m a l  w h e n  r e p r e s e n t -
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a t i v a  g r o u p s  a r e  e x a m i n e d #  E v e n  i f  a  p r e p o n d e r e a n c e  o f  i n e r t  
f i b r o u s  t i s s u e  w e r e  p r e s e n t ,  t h e  r e s i s t a n c e  o f  t h i s  m a t e r i a l  
t o  d i s r u p t i o n  w o u l d  r e s u l t  i n  i t s  e x e r t i n g  l i t t l e  i n f l u e n c e  
u p o n  t h e  s p é c i f i e  a c t i v i t i e s  m e  a s s u r e d  i n  t h e  o y t o p l a s m i o  
f r a c t i o n s  s t u d i e d  i n  t h i s  w o r k #  r I f  d i f f e r e n c e s ,  s u f f i o i e n t l y  
g r e a t  t o  i n f l u e n c e  t h e  s p e c i f i c  a c t i v i t y , b e t w e e n  t h e  r a t i o  
o f  a c i n a r  t o  n o n - a e i n a î ?  c e l l s  h a d  e x i s t e d  i n  t h e s e  t i s s u e s ,  
t h e n  t h i s  s h o u l d  h a v e  b e e n  r e f l e c t e d  i n  t h e  p r o t e i n  c o n t e n t  
o f  t h e  s u p e r n a t a n t s , t i s s u e s  w i t h  a n  u n u s i ï l l y  h i g h  p e r c e n t a g e  
o f  a c i n a r  c e l l s  c o n t a i n i n g  m o r e  s u p e r n a t a n t  p r o t e i n  p e r  u n i t  
w e i g h t #  I n  f a c t ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  i n  
t h i s  r e s p e c t T h e  m e a n  p r o t e i n  c o n t e n t  o f  t h e  s u p e r n a t a n t  
i n  t h e  f i b r o a d e n o m a t a  a n d  m a s t o p a t h y  g r o u p s  w a s  a c t u a l l y  s o m e ­
w h a t  l o w e r  t h a n  t h a t  o f  t h e  n o r m a l  s a m p l e s ,  w h i l e  t h e  o a r c i n -  
o r n a te ,  h a d  a  m e a n  % ) r o t e i n  c o n t e n t  o n l y  25 fo  h i g h e r  t h a n  t h a t  o f  
t h e  n o r m a l s *  I n  t h y r o i d ,  t h e  i n c r e a s e d  a c t i v i t i e s  f o u n d  i n  
t h e  s u p e r n a t a n t  f r a c t i o n  o f  t h e  c a r c i n o m a t a  c o m p a r e d  w i t h  n o r m a l  
t h y r o i d  w h e n  p r o t e i n  c o n t e n t  w a s  t h e  p a r a m e t e r  a g a i n s t  w h i c h  
a , G t i v i t y  w a s  m e a s u r e d  w a r e  e l i m i n a t e d  v A e n  t h e  c o m p a r i s o n  w a s  
b a s e d  u p o n  t h e  w e i g h t  o f  t h e  t i s s u e s #  I n  t h e  p r e s e n t  s e r i e s  
o f  b r e a s t  s a m p l e s ,  t h e  s u p e r i o r i t y  o f  c a r c i n o m a t a  o v e r  t h e  
n o r m a l  i s  a c t u a l l y  e n h a n c e d  w h e n  c o m p a r i s o n  i s  m a d e  o n  t h e  b a s i s  
o f  t i s s u e  w e i g h t ,  a l t h o u g h  t h e  p e r c e n t a g e  i n c r e a s e  i n  t h e  a c t i v i t y  
o f  t h e  c a r c i n o m a t a  o v e r  t h e  n o r m a l  i s  f a i r l y  c o n s t a n t  b y  t h e  
t w o  m e t h o d s  o f  e x p r e s s i o n #  T h e  r a n g e  o f  d i v e r g e n c e  w a s  a s
f o l l o w s :  I ) M a ,B e  I  i n c r e a s e d  i n  c a r c i n o m a t a  b y  104^4  r e l a t i v e
e x c e p t  t h a t  m a s t o p a t h y  g r o u p  l o w e r  t h a n  n o r m a l s  ( P a g e  1 5 4 )
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t o  p r o t e i n  a n d  b y  r e l a t i v e  t o  t i s s u e  w e i g h t ;  a d e n o s i n e  
d e a m i n a s e  i n o r e a e e d  b y  4 7 9 ^  r e l a t i v e  t o  p r o t e i n  c o n t e n t  a n d  
by 6 1 1 #  r e l a t i v e  to  t i s s u e  w e ig h t .
I t  w o u l d  t i m e  appear t o  b e  in d isp u ta b le  t h a t  t h e  su p e r -  
m a t a n t  a c t i v i t i e s  m e a s u r e d  a r e  a  t r u e  r e f  l a  o t  i o n  o f  t h e  a c t i v i t y  
f o u n d  i n  a e i m a r  b r e a s t  t i s s u e  i n  t h e  v a r io u s  c o n d it io n s  s t u d i e d  
a n d  t h a t  t h e y  g i v e  a n  a o c u r a , t e  p i c t u r e  o f  c h a n g e s  i n  th e  
enzym ic com p osition  o f  t h e  c e l l s  I n  t h e s e  c o n d i t i o n s .  Where 
o b ta in e d , d a t a  o n  cy to p la sm ic  p a r t i c l e s  s u p p o r t e d  t h e  tren d  
o b s e r v e d  i n  t h e  c o m p a r i s o n  o f  a c t i v i t i e s  in  t h e  m a l i g n a n t  a n d  
n o n - ^ m a l l g n a r a t  s u p e r n a t a n t s ,  T h e  v i e w  i e  th e r e fo r e  a d v a n c e d  
t h a t  a  p r o g r e s s i v e  in c r e a s e  i n  t h e  a c t i v i t y  o f  n u c l e a s e s  a n d  
o f  a d e n o s i n e  d e a m i n a s e  i n  t h e  h u m a n  a c i n a r  b r e a s t  c e l l  t a k e s  
p l a c e  d u r i n g  t h e  t r a n s i t i o n  f r o m  th e  n o r m a l  s t a t e  t o  h y p e r p l a s t i c  
a n d  n e o p l a s t i c  s t a t e s ,  t h i s  l u c r e b e i n g  g r e a t e s t  w h e n  t h e  
s t a g e  o f  i n v a s i v e  c a r c i n o m a  i s  a t t a i n e d ,  N o  o p i n i o n  c a n  b e  
e x p r e s s e d  on t h e  q u e s t i o n  w h e t h e r  t h e s e  are p r i m a r y  or second ­
ary f e a t u r e s  o f  s u c h  c h a n g e s #  T h e  p r e s e n t  r é s u l t a  a r e  c o m ­
p l e t e l y  o p p o s e d  t o  t h o s e  r e p o r t e d  b y  D a o u s t  and A m a n o  (1963)  
u s i n g  h is to c h e m ic a l te c h n iq u e s , The m e t h o d s  e m p l o y e d  by t h e s e  
a u t h o r s  m u s t  b e  open t o  c r i t i c i s m ,  a n d  t h i s  c o n f l i c t  s h o u l d  b e  
s e t t l e d  by f u r t h e r  i n d e p e n d e n t  i n v e s t i g a t o r s  i n  t h i s  f i e l d ,
A  c o r r e l a t i o n  b e t w e e n  t h e  a c t i v i t i e s  o f  D N A a s e  I X  and 
a d e n o s i n e  d e a m i n a s e  i n  t h e  s u p e r n a t a n t  o f  t h e  v a r i o u s  t h y r o i d  
s a m p l e s  h a s  a l r e a d y  b e e n  d e s c r i b e d ,  T h i s  p o s s i b i l i t y  w a s
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e x a m i n e d  i n  t h e  s a m p l e s  o f  h u m a n  b r e a s t »  T h e  d a t a  y i e l d e d  
a  c o r r e l a t i o n  c o e f f i c i e n t  r  a: 0 * 3 8  w h i c h  w a s  m o t  e i g m l f i a a t i t  
( t  -  1 . 7 4 ) » T o  a  l a r g e  e x t e n t ,  t h e  f a i l u r e  o f  t h i s  c o r r e ­
l a t i o n  t o  s h o w  s i g m i f l o a m o e  w a s  d u e  to  t h e  r e l a t i v e l y  s m a l l  
n u m b e r  o f  s a m p l e s  e x a m i n e d ,  s i n c e  a  s m a l l e r  v a l u e  f o r e  r  w a s  
o b t a i n e d  i n  a  s i m i l a r  a n a l y s i s  o f  t h e  c e r v i x  d a t a ,  a n d  y e t  w a s  
B i g n i f l e a n t  a t  t h e  5 #  l e v e l #  H o w e v e r ,  i t  i s  p r o b a b l y  a l s o  
t r u e  t o  a a y  t h a t  h e te r o g e n e ity  i n  t h e  c e l l  t y p e  p r e s e n t  i n  th e  
s a m p l e s #  a s  h a s  a l r e a d y  b e e n  e x p l a i n e d ,  w o u l d  c o n t r i b u t e  t o  
th e  f a i l u r e  t o  s h o w  a  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  t h e s e  
t w o  e n z y m e  B#
2 3 3
CERVIX
Summary o f  th e  S ig n i f ic a n t  F ind ingo
^ m a _ M . # Ê « ^ B # i S â E L 2 W A ^ 8  s tu d ie d  were s l g n i f i -
a a n t X y  e l e v a t e d  i n  t h e  s u p e r n a t a n t  f r a c t io n  o f  c e r v i c a l  c a r c i n ­
o m a t a ,  n o  B l a t t e r  w h e t h e r  t h e y  w e r e  r e l a t e d  t o  t h e  p r o t e i n  c o n t e n t  
o f  t h e  f r a c t i o n  o r  t o  t h e  w e i g h t  o f  t h e  t i s s u e  ( T a b l e  % ) #
T h e  a c t i v i t i e s  o f  h a t h  B N A a s e a  a n d  o f  D N A a s e  I X  i n  t h e  o y t o - ^  
p l a e m l a  p a r t ic l e s  p r e p a r e d  f r o m  c e r v ic a l  carcinom ata were g z ^ e a t l y  
i n  e x c e s s  o f  t h o s e  f o u n d  i n  p a r t i c l e s  p r e p a r e d  f r o m  s a m p l e s  o f  
n o r m a l  c e r v i x #  ( T a b l e  j  ) * The d i s t r i b u t i o n  o f  t h e s e  s a m e  
e n z y m e s  w a s  a l t e r e d  i n  t h e  c a r c i n o m a t a  t o  t h e  e x t e n t  t h a t  t h e  
p a r t i c l e s  accounted  f o r  a  h i g h e r  p e r c e n t a g e  o f  t h e  t o t a l  c y t o -  
p l a s m i c  a c t i v i t y  t h a n  was t h e  e a s e  w i t h  th e  normal c e r v i x .  S o  
f a r  a s  e n z y m e  c o n t e n t  w a s  c o n c e r n e d  n o  s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  t h e  " M i t o c h o n d r i a l "  a n d  " M i c r o s o m a l "  f r a c t i o n s  o f  t h e  
c a r c i n o m a t a  c o u l d  b e  d e t e c t e d #  T h e  p r o t e i n  co n ten t o f  t h e  
s u p e r n a t a n t  a n d  p a r t ic u la t e  f r a c t i o n s  o f  t h e  carcinom ata e x ­
c e e d e d  t h e  v a l u e s  f o r  t h e  corresp on d in g  f r a c t i o n s  o f  t h e  norm al 
c e r v i x ,  and a  g r e a t e r  p e r c e n t a g e  o f  t h e  cy to p la sm ic  p r o t e i n  o f  
t h e  c a r c i n o m a t a  w a s  p r e s e n t  i n  t h e  p a r t i c l e s  ( J a h l e  %  ) .
i r r a d i a t i o n  o f  t h e  c a r c i n o m a t a  b r o u g h t  a b o u t  s i g n i f i c a n t  
i n c r e a s e  i n  t h e  su p ern atan t a c t i v i t y  o f  a_jLk* B N A a s e  r e l a t i v e  
t o  p r o t e i n ,  a n d  s i g n i f i c a n t  d e c r e a s e  i n  D N A a s e  XX a n d  ad en osin e  
d e a m i n a s e  i n  t h i s  f r a c t i o n  r e l a t i v e  to  t h e  w eigh t o f  t h e  t i s s u e *
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I l l  t h e  " M i t o o h o n d r i a l "  f r a c t i o n ,  b o t h  E I A a a a s  w e r e  I n c i ’o a e e d  
a f t e r  i r r a d i a t i o n  i r r e s p e c t i v e  o f  t h e  m e t h o d  o f  e x p r e s s i o n ,  
i n  t h e  " M i c r o s o m a l "  f r a c t i o n ,  i r r a d i a t i o n  i n c r e a s e d  t h e  a c t i v i t y  
o f  b o t h  RNAasee p e r  r a g .  p r o te in  a n d  d e c r e a s e d  t h e  a c t i v i t y  o f
both M A a s e s  p e r  g .  w e t  w e i g h t * - .  A d r a i m t i c  f a l l  in  p r o t e i n
c o n t e n t  o f  th e  s u p e r n a t a n t  fo llo w e d  i r r a d i a t i o n  t o g e t h e r *  v / i t h  
a  f a l l  i n  t h e  p ercen ta g e  o f  c y t o p X a B i i i c  p r o te in  in  t h i s  f r a c t io n ;  
t h i s  w a s  a c c o m p a n i e d  b y  a  r i s e  i n  t h e  p e r c e n t a g e  o f  cy to p la sm ic  
p r o t e i n  i n  t h e  " M i t o o h o m l r l a l "  f r a c t i o n .  B orne  c h a n g e s  i n  t h e  
d i s t r i b u t i o n  o f  e n z y m e  a c t i v i t y  b e t w e e n  t h e  f r a c t i o n s  o c c u r r e d  
as a  c o n s e q u e n c e  o f  i r r a d i a t i o n ,  a n d  may h e  s e e n  by r e f e r e n c e
t o  T a b l e s  D ,  M ', W a n d  0 »
T h e  N a t u r e  o f  t h e
I n  a l l  f r a c t i o n s  o f  n o r m a l  a n d  m a l i g n a n t  s a m p l e s ,  t h e  
a c t i v i t y  o f  a c i d  H H A a s e  w a s  a l m o s t  i n v a r i a b l y  a  l i t t l e  over  
h a l f  t h e  v a l u e  f o u n d  f o r  a l k *  E H A a a e .  A g a i n ,  when t h e  r e s u l t s  
i n  t h e  v a r i o u s  f r a c t i o n s  o f  t h e  c a r c i n o m a t a  a r e  c o m p a r e d  b e f o r e  
a n d  a f t e r  r a d ia t io n ,  i t  w t H I  b e  s e e n  t h a t #  a s  a  b r o a d  a p p r o x ­
i m a t i o n ,  t h e  a c t i v i t y  o f  b o t h  E N A a s e s  a r e  in c r e a se d  by t h e  s a m e  
p e r c e n t a g e  in  e a c h  f r a c t i o n #  T h e r e  i s  l i t t l e  t o  s u g g e s t  t h a t  
t w o  d i s t i n c t  e n z y m e s  are r e s p o n s i b l e  f o r  t h e  a c t i v i t i e s  m e a s u r e d  
a t  t h e  t w o  pH  v a lu e s  in  h u m a n  cerv ix #
T h e  s i t u a t io n  i s  q u i t e  t h e  r e v e r s e  w i t h  D N A a s e  I  a n d  I I .
A s  i n  t h e  o t h e r  t i s s u e s  s t u d i e d ,  t h e  d a t a  p o i n t  t o  a t  l e a s t  t w o
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e n z y m e s  b ein g  p r e s e n t ,  t h e i r  d i s t r i b u t i o n  v a r y i n g  I n  th e  s u p e r »  
n a t a n t  a n d  l a  t h e  p a r t ic le s *  T h u s ,  t h e  s p e c i f  i o  a o t i v i t y  o f  
D N A a s e  I  I n  t h e  s u p e r n a t a n t  i s  l e s s  t h a n  t h a t  o f  th e  p a r t l o X o B *  
T h e  s p é c i f i e  a c t i v i t y  o f  D N A a s e  I I  I n  t h e  s u p e r n a t a n t  on t h e  
o t h e r  h a n d  e x c e e d s  t h a t  o f  th e  p a r t i c l e s *  A g a i n ,  r a d i a t i o n  
a p p e a r s  to  a f f e c t  t h e  a c t i v i t i e s  o f  t h e s e  e n z y m e s  i n  d i f f e r e n t  
w a y s # .  F o r  e x a m p l e ,  i n  t h e  s u p e r n a t a n t  f r a c t i o n  o f  t h e  c a r c i n ­
o m a t a ,  t h e  s p é c i f i a  a c t i v i t y  o f  D N A a s e  I i a  s l i g h t l y  I n c r e a s e d  
j  w h i l e  t h a t  o f  D N A a s e  I I  i a  m o d e r a t e l y  d a c r a a a e d  b y  r a d i a t i o n #
As WBB  th e  c a s e  w i t h  b o t h  t h y r o i d  a n d  b r e a s t ,  D N A a s e  I  i s  d i s ­
t r i b u t e d  b e t w e e n  th e  s u p e r n a t a n t  a n d  p a r t ic l e s  i n  s u c h  a  w a y  
t h a t  w h i l e  t h e  g r e a t e r  p a r t  o f  t h e  c y t o p l a s m i c  a c t i v i t y  i s  
p r e s e n t  i n  t h e  f o r m e r  f r a c t i o n ,  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  
l a t t e r  f r a c t i o n s  e x c e e d  t h a t  o f  t h e  s u p e r n a t a n t ;  a n d  D N A a s e  I I  
i a  d i s t r i b u t e d  w i t h  e v e n  m o r e  o f  t h e  cy to p la sm ic  a c t i v i t y  
l o c a t e d  i n  t h e  s u p e r n a t a n t ,  t h e  a p e o l f i c  a c t i v i t y  o f  w h i c h  
e x c e e d s  th a t  o f  th e  p a r t i c l e  f r a c t i o n s .  A s  b e f o r e ,  t h é  s m a l l ­
e s t  n u m b e r  o f  d i s t i n c t  e n z y m e s  w h i c h  c a n  a c c o u n t  f o r  t h e s e  f a c t s  
w o u l d  be a  m i t o c h o n d r i a , !  D N A a s e  I  d i s t r i b u t e d  b e t w e e n  t h e  t w o  
p a r t i c l e  f r a c t i o n s  a n d  l i b e r a t e d  i n t o  t h e  s u p e r n a t a n t  b y  w i d e ­
s p r e a d  r u p t u r e ,  a  s t a t e  o f  a f f a i r s  w h i c h  m i g h t  n o t  b e  u n e x p e c t e d  
i n  v i e w  o f  t h e  h arsh  t r e a t m e n t  m a t e d  o u t  t o  t h e  t i s s u e  d u r i n g  
t h e  p re p a r a tiv e  procedure ; a n d  a  D N A a s e  I I  p r e s e n t  i n  a  
d i f f e r e n t  p a r t i c l e ,  p o s s ib ly  b e l o n g i n g  t o  t h e  l y s o s o m e s ,  m o r e  
f r a g i l e  t h a n  th e  m i t o c h o n d r i a  s o  t h a t  m u c h  more o f  t h e  e n z y m e
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b e e o m e s  a o l u M l l s e d ^  a n d  f o r m i n g  o n l y  a  m i n o r i t y  o f  t h e  p a r t * #
i e u l e t t e  m a t e r i a l  i n  th e . "M itochondrial" a n d  * % lio r o s o m a l^ ^  
f r a e t i o n e ®  U n t i l  i t  h e o o m e a  p o a e lh le  to  prepare f r a c t i o n s  f r o m  
human o e r v l z  by m i l d  prooeduree @ i t  % v i l l  rem ain a n  o p e n  q u e s t io n  
# io t h e r  t h i s  i n t e r p r e t a t i o n  i s  o o ÿ re o t, or w h e t h e r  e a c h  o f  t h e  
f r a o t i o n s  c o n ta in s  i t s  o w n  i n t r i n s i c  c o m p l e m e n t  o f  t h e s e  enzymes
D i f f e r e n c e s  i n  I n i^ y m e  C o n t e n t  o f  N o r m a l  a n d  M a l i g n a n t  O e r v l %
liters
f h e  a c t i v i t i e s  o f  a l l  f i v e  e n s y m e s  s t u d i e d  w e r e  a i g n i f i - ^  
o a n t l y  e l e v a t e d  i n  t h e  s u p e r n a t a n t  o f  c e r v i c a l  c a r c i n o m a t a  
r e l a t i v e  t o  h a t h  t h e  p r o t e i n  c o n t e n t  o f  t h e  f r a c t i o n  a n d  w e i g h t  
o f  t h e  s a m p l e  ( S a h X e  1  ) •  Ü h e a e  d i f f e r e n c e s  b e t w e e n  n o r m a l  
a n d  c a r c i n o m a t a  a r e  i n  s o m e  i n s t a n c e s  s o  g r e a t  a s  t o  s u g g e s t  
t h e  p o s s i b i l i t y  o f  t h e i r  " b e i n g  e m p l o y e d  f o r  t h e  p u r p o s e  o f  
c a n c e r  d i a g n o s i s #  W i t h  D N A a s e  I p  t h e  r e s u l t s  I m  t h e  t w o  g r o u p e  
o v e r l a p  t o  a  c o n s i d e r a b l e  e x t e n t ;  a n d  w i t h  a d e n o s i n e  d e a m i n a s e  
t h e  c a n c e l "  s e r i e s  i s  w e i g h t o d  h y  s e v e r a l  s a m p l e s  h a v i n g  a c t i v i t y  
w e l l  b e y o n d  t h e  r a n g ©  f o r  t h e  g r o u p  a s  a  w h o l e  ( S e e  I T l g u r e s  2 4  
a n d  g g  ) #  W i t h  D N A a s e  I I ^  t h e  r a n g e  o f  o o - l n e l d e n c e  b e t w e e n  
t h e  n o r m a l  a n d  c a n c e r  g r o u p s  I s  v e r y  l i m i t e d ,  b u t  i t  i s  a r g u a b l e  
w h e t h e r  t h e  d e g r e e  o f  s e p a r a t i o n  1 b  s u f f i c i e n t l y  p r e c i s e  t o  
p e r m i t  i t s  f o r m u l a t i o n  f o r  t h e  b a s i s  o f  a  d i a g n o s t i c  t e s t #
W i t h  t h e  t w o  H M A a s e S g  t h e  s e p a r a t i o n  b e t w e e n  t h e  t w o  g r o u p s  i s  
w e l l - n i g h  c o m p l e t e  # A s  i t  i s  n o t  b y  a n y  m e a n s  c e r t a i n  t h a t  
t h e  a c t i v i t y  i s  d u e  t o  t w o  d i s t i n c t  e n z y m e s ,  i t  w o u l d  s e e m  m o r e
2 3 7 #
a p p r o p r i a t e  t o  o o n o e n t r a t e  u p o n  t h e  a c t i v i t y  a t  p H  7 , 4  I m  v i e w  
o f  t h e  f a c t  t h a t  t h e  a c t i v i t y  a t  t h i s  pH  i a  m u c h  g r e a t e r  t h a n  
t h a t  a t  pH  5 , 6  a n d  w o u l d  l e n d  i t s e l f  t o  m o r e  p r e e i a e  m e a s u r e m e n t .
I l l  r e c e n t  y e a r s  t h e  e n z y m e  a c t i v i t y  o f  v a g i n a l  f l u i d  
h a s  b e e n  p r o p o s e d  a s  t h e  b a s i s  f o r  a  s e r i e s  o f  t e s t e  d e s i g n e d  
f o r  s c r e e n i n g  l a r g e  p o p u l a t i o n s  w i t h  a  v i e w  t o  d e t e c t i n g  p r e ^  
o l i a i o a l  o a s e s  o f  c e r v i c a l  o a r c l n o m a *  K h e  e n z y m e s  w h i c h  h a v e  
b e e n  s t u d i e d  i n  t h i s  r e g a r d  i n c l u d e / ^ « ^ g l u c u r o n i d a s e  ( O d e X I  a n d  
B u r t ,  1950 3 D a w s o n ,  1 9 5 9 ) # ^ - m a n n o a i d a s e  ( D a w s o n ,  I 9 6 0 )  a n d  
6 - ^ p h o B p h o g X u e o n a t a  d e h y d r o g e n a s e  ( B o n h a m  a n d  G i b b s ,  1 9 6 2  ;
B o n h a m 3 1 9 6 4 ) #  A u t o m a t e d  m e t h o d s  h a v e  b e c o m e  a v a i l a b l e  f o r  
m e a s u r i n g  t h i s  l a t t e r  e n z y m e  ( C a m e r o n  a n d  H u s a i r i ,  1 9 6 5 )  b u t  
e a r l i e r  r e p o r t a  c l a i m i n g  t h a t  t h e  t e c h n i q u e  g i v e s  n o  f a l s e -  
n e g a t i v e  r e s u l t s  a n d  o n l y  a  h a n d f u l ,  o f  f a l s e  p o s i t i v e s  h a v e  
n o t  b e e n  c o n f i r m e d  ( M u i r ,  G a n t l  a n d  W i l l i a m s ,  3 . 9 6 4 ) .  I n  v i e w  
o f  t h e  d e g r e e  o f  s k i l l  t h a t  m u s t  b e  l a v i s h e d  u p o n  t h e  t i m e -  
c o n s u m i n g  t e c h n i q u e s  o f  e x f o l i a t i v e  c y t o l o g y ,  t h e r e  i s  a n  u r g e n t  
n e e d  f o r  si s i m p l e  l a b o r a t o r y  p r o c e d u r e  w h i c h  c a n  b e  c a r r i e d  
o u t  o n  a  v e r y  l a r g e  s c a l e ,  p r e f e r a b l y  u s i n g  a u t o m a t e d  t e c h n i q u e s #  
T h e r e  c a n  b e  l i t t l e  d o u b t  o n  t h e  b a s i s  o f  t h e  r e s u l t s  p r e s e n t e d  
i n  t h i s  s t u d y  t h a t  a l k #  B l A a s e  a c t i v i t y  o f  v a g i n a l  f l u i d  o u g h t  
t o  b e  e v a l u a t e d  f o r  t h i s  p u r p o s e #  T h e  m e a n  a c t i v i t y  i n  t h e  
s u p e z v m t a n t  f r a c t i o n  o f  t h e  c a r c i n o m a t a  p a r  m g #  p r o t e i n  w a s  m o r e  
t h a n  t e n  t i m e s  t h e  m e a n  v a l u e  f o r  t h e  n o r m a l  s a m p l e s ,  w h i3 .a  
t h e  m e a n  a c t i v i t y  o f  t h e  c a r c i n o m a t a  p a r  g #  w e t  w e i g h t  w a s  
15 t i m e s  t h e  m e a n  f o r  t h e  n o r m a l s #  I n  a  p a r a l l e l  s t u d y  o n  t h e
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c a e e  m a t e r i a l  e m p l o y e d  i n  t i i i a  w o r k ,  t h e  a c t i v i t y  o f  6 - » p l i o s -  
p h o g l u o o n a t e  d e h y d r o g e n a s e  i n  t h e  e a r o i n o r a a t a  w a s  e l e v a t e d  t h r e e * -  
f o l d  p e r  m g .  p r o t e i n  a n d  f l v e - ’f o l d  p e r  g .  w e t  w e i g h t  o f  t i s s u e  
c o m p a r e d  w i t h  t h e  n o r m a l  s a m p l e s  ( A y r e ,  1 9 6 5 ) - #  T h e r e  a r e  t h u s  
a  p r i o r i  g r o u n d s  f o r  t h e  b e l i e f  t h a t  a l k #  H M a B O  a c t i v i t y  o f  
v a g i n a l  f l u i d  m i g h t  o f f e r  a  b e t t e r  b a s i s  f o r  c a n c e r  s c r e e n i n g  
t h a n  a n y  o f  t h e  e n z y m e s  e v a l u a t e d  h i t h e r t o #  I t  w o u l d  c l e a r l y  
b e  u n w i s e  t o  t a k e  t o o  o p t i m i s t i c  a  v i e w  a t  t h i s  s t a g e ,  s i n c e  
t h e  s a m p l e s  o f  c a r c i n o m a t a  w e r e  a l l  f a i r l y  v m l l  e s t a b l i s h e d  a n d  
a t  t h e  p r e s e n t  t h e r e  az*e n o  d a t a  t o  i n d i o a t e  w h e t h e r  t h e  
e l e v a t e d  E N A a s e  c o n t e n t  o f  t h e s e  t u m o u r s  i s  e a r l y  o r  l a t e ,  p r i m a r y  
o r  s e c o n d a r y .  I d i r t h e r m o r e ,  n o  s y s t e m a t i c  a t t e m p t  h a s  b e e n  
m a d e  t o  a s c e r t a i n  t h e  e f f e c t  o f  n o n - r a a l i g n a n t  l e s i o n s  u p o n  t h e  
m T Y ± %  u t e r i .  H o w e v e r ,  t w o  p o i n t s  c a n  b e  m a d e  i n  t h i s  c o n ­
n e c t i o n #  T h e  f i r s t  i s  t h a t  t h e  s o - o a l 3 » e d  n o r m a l* ^  s a m p l e s  w e r e  
n o t  by a n y  m e a n s  f r e e  o f  c h a n g e s  s u c h  a s  e p i t h e l i a l i e a t i o n ,  
p r o l i f e r a t i o n  o f  s e c r e t o r y  g l a n d e ,  a n d  i n f l a m m a t o r y  i n f i l t r a t i o n  
s u c h  a e  w o u l d  b e  e x p e c t e d  o f  n o n - m a l l g n a n t  c e r v i c a l  l e s i o n s  
l i k e  c h r o n i c  c e r v i c i t i s  a n d  c e r v ic a l  e r o s i o n #  S e c o n d l y g ^  a_  
s a m p l e  o b t a i n e d  f r o m  a  c a s e  d i a g n o s e d  a s  c a r c i n o m a  o n  t h e  b a s i s  
o f  e x f o l i a t i v e  c y t o l o g y  b u t  s u b s e q u e n t l y  a m m e n d e d  t o  a  d i a g n o s i s  
o f  f l o r i d  c h r o n i c  c e r v i c i t i s  w m  a c t u a l l y  a n a l y s e d ,  a l t h o u g h  
t h e  r e s u l t s  h a v e  n o t  p r e v i o u s l y  b e e n  i n c l u d e d  i n  t h e  T a b l e s *
I n  t h i s  s a m p l e ,  t h e  a c t i v i t y  o f  b o t h  B l f l a s e s  f e l l  b e l o w  t h e  
l e v e l s  r e c o r d e d  i n  a n y  o f  t h e  c a r c i n o m a t a ,  b e i n g  w e l l  w i t h i n  
t h e  r a n g e  e n c o u n t e r e d  i n  t h e  n o r m a l s #  A d e n o s i n e  d e a m i n a s e
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a c t i v i t y  i n  t h i s  s a m p l e  w a s  a t  t h e  u p p e r  l i m i t  o f  t h e  n o r m a l  
range @ a n a  DNAase I I  a c t i v i t y  f r a o t i o n a l l y  a b o v e  t h e  h i g h e s t  
l e v e l  r e c o r d e d  i n  a  n o r m a l  s a m p l e ; .  A n  a d d i t i o n a l  p o i n t  w h i c h  
i s  r e l e v a n t  t o  t h i s  d i s c u s s i o n  i n  v i e w  o f  t h e  f a c t  t h a t  s e v e r a l  
s a m p l e s  i n  t h e  **normal" s e r ie s  s h o w e d  i n c r e a s e d  k é r a t in is a t io n  
a n d  0 p i  t h e  1 1  a l l  s  a t  1  o n  i s  t h i s :  n o r m a l  h u m a n  s k in , w h i c h
f u n c t i o n a l l y  a n d  h l s t a l o g i o a l l y  i s  v e r y  c lo s e  t o  t h e  s u r f a c e  
t i s s u e  o f  th e  c e r v i x  u t e r i ,  h a s  a c t i v i t y  o f  m i a l e l o  a c i d - *  
s p l i t t i n g  e n z y m e s  p r e s e n t  i n  t h e  e p i d e r m i s  a n d  n o t  i n  t h e  d e r a i l s  
( S a n t o i a n n i  a n d  E o t h m a n ,  1961 )t m o r e o v e r ,  3 . o s i o n B ‘ s u c h  a s  
p s o r i a s i s  which a r e  a s s o c ia te d  w i t h  i n c r e a s e d  k é r a t in is a t io n  a r e  
a o c o m p a n i e d  b y  c o n s id e r a t e  i n c r e a s e s  i n  n u c le a se  a c t i v i t y  
( B t e i g l e d e r  a n d  H a a b ,  1 9 6 2  t  D i s s  a n d  l o v e r ,  1 9 6 2  )#
T h e  q u e s t i o n  a r i s e s  w h e t h e r  t h e  r e s u l t s  o b t a i n e d  r e f l e c t  
g e n u i n e  d if f e r e n c e s  b e t w e e n  t h e  e n z y m e  c o n t e n t  o f  c e r v ic a l  
c a r c i n o m a t a  a n d  t h e  l i n i n g  e p i t h e l i u m  o f  n o r m a , !  c e r v i x  f r o m  
w h i c h  t h e  c a r c i n o m a t a  a r e  p r e s u m e d  t o  o r ig in a te  # The p a r a l l e l  
h e r e  i s  w i t h  b r e a s t  r a t h e r  t h a n  w i t h  t h y r o i d #  W h i l e  i t  i s  u n ­
l i k e l y  t h a t  i n t r a c a U u l a r  enzymes v ; i l l  b e  d i l u t e d  t o  a n y  e x te n t  
w i t h  s o l u b l e  e x t r a c e l lu la r  p r o t e i n ,  t h e  s a m p l e s  o f  n o r m a l  c e r v i x  
i n a v i t a h l y  i n c l u d e d  a  f a i r  a m o u n t  o f  u n d e r l y i n g  f i b r o u s  t i s s u e ,  
w h e r e a s  i n  t h e  t u m o u r  sam ples t h e r e  w a s  p r o p o r t i o n a t e l y  m u c h  
IWBS con tam in ation  from t h i s  s o u r c e #  F o r t u n a t e l y ,  i n  th e  
h o m o g e n i a e r ,  t h e  f i b r o u s  m a t e r i a l  s e e m e d  t o  e s c a p e  d i s r u p t i o n  
s o  t h a t  i t  w a s  e i t h e r  t r a p p e d  w h e n  t h e  h o m o g e n a t e  w a s  f i l t e r e d ,
2 4 0 ;
o r  p r e c i p i t a t e d  w i t h  t h e  m i e l e i  d u r i n g  t h e  p r e l i m i n a r y  
c e n t r i f u g a t i o n  a t  500g% . I t  i e  t h e r e f o r e  i m l i l c e l y  t o  h a v e  c o n ­
t r i b u t e d  e i t h e r  p r o t e i n  o r  e n z y m e  a c t i v i t y  t o  t h e  f r a c t i o n s  
a n a 3 q ? B e c i i n  a m o u n t s  t h a t  w o u l d  I n v a l i d a t e  t h e  r é s u l t é  o b t a i n e d *  
T h e  e x t e n t  o f  t h i s  c o n t r i b u t i o n  o a n  b e  c a X o u X a t e d  v a r y  r o u g h l y  
f r o m  t h e  f a c t  t h a t  t h e  p r o t e i n  c o n t e n t  o f  t h e  s u p e r n a t a n t  p e r  
■go w e t  w e i g h t  o f  t i s s u e  i n  t h e  n o r m a l  s a m p l e s  w a s  o n l y  h a l f  
4  t h a t  o f  t h e  o a r o i n a m a t a #  I f  w e  a s s u m e  t h a t  f i b r o u s  c o n t a m i n -  
a t i o i i  I m  t h e  c a r c i n o m a t a  w a s  n e g l i g i b l e ,  w e  c a n  h a z a r d  a  g u e s s  
t h a t  I n  t h e  n o r m a l  s a m p l e s , e p i t h e l i u m  w a s  c o n t a m i n a t e d  w i t h  
a p p r o x i m a t e l y  i t s  o w n  v m l g 'h t  o f  f i b r o u s  t i s s u e #  I v e n  t h o u g h  
t h i s  c a l c u l a t i o n  i s  o n l y  v e r y  a p p r o x i m a t e , I t  d o e s  i n d i c a t e  t h a t  
G o n t a m i n a t i o n  f r o m  t h i s  s o u r c e  c a n n o t  e x p l a i n  t h e  v e r y  l a r g e  
d i f f e r e n o e a  i n  e n z y m e  a c t i v i t y  ( t h r e e - f o l d  t o  f i f t e e n r - f o l d )  
b e t w e e n  t h e  c a r c i n o m a t a  a n d  t h e  n o i m a l s .  I t  i s  f e l t  t h a t  
t h e s e  é l é v a t i o n s  a r e  m e a n i n g f u l  i n  t e r m s  o f  t u m o u r  d e v e l o p m e n t ,  
t h o u g r h  i t  i a  im p o ss ib le  t o  s a y  w h e t h e r  t h e s e  a r e  s e o a n d a r j  
c h a n g e s  b r o u g h t  a b o u t  a s  s , c a n s e q u e i i o e  o f  m o r e  f u n d a m e n t a l  
a l t e r a t i o n s  i n  t u m o u r  m e t a b o l i s m ^
O n e  o t h e r  f i n d i n g  s h o u l d  b e  m e n t i o n e d  a t  t h i s  p o i n t #
A s t u d y  o f ^  t h e  r e la t io n s h ip  betw een D N A a s e  IX a n d  ad en osin e  
d e a m i n a s e  i n  t h e  s u p e r  m a t  a n t  o f  n o r m a l  a n d  m a l i g n a n t  s a m p l e s  
o f  c e r v ic a l  t i s s u e  p r o d u c e d  a  r e s u l t  f o r *  t h e  c o r r e l a t i o n  
c o e f f i c i e n t  r  0 # 3 2 2  ( t  -  2#11; p <  0 .0 5 )  * A l t h o u g h  t h i s  
r e s u l t  w a s  s i g n i f i c a n t ,  t h e  d e g r e e  o f  c o r r e l a t i o n  w a s  c l e a r l y  
l e s s  t h a n  t h a t  f o u n d  w i t h  b r e a s t  a n d  t h y r o i d #  T h i s  c o u l d  b e
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e x p l a i n e d  e i t h e r  a s  a  f e a t u r e  o f  t h e  c e r v i c a l  e p i t h e l i a l  c e l l s  
t h e m s e l v e s ,  o r  a e  a n  e x p r e s s i o n  o f  v a r i a b i l i t y  i n  t h e  e o n t r l l m t i o n  
o t  t h e  e p i t h e l i u m  a n d  s t r o m a  t o  t h e  s o l u b l e  p r o t e i n  o f  t h e  
h o m o g e n a t e  «
B e o a u s e  o f  d i f f i c u l t y  i n  o b t a i n i n g  m i t o c h o n d r i a  a n d  
m i c r o B o m e B  f r o m  n o r m a l  c e r v i x  i n  s u f f i c i e n t  y i e l d ,  t h e  p a r t i c l e s  
w e r e  f o r  t h e  m o s t  p a r t  c o m b i n e d  a n d  c o m p a r e d  w i t h  d a t a  d e r i v e d  
b y  r e - c a l c u l a t i o n  o f  t h e  a c t i v i t i e s  m e a s u r e d  i n  t h e  " M i t o c h o n d r i a l * ^  
a n d  " M i c r o s o m a l "  f r a c t i o n s  o f  t h e  c a r c i n o m a t a *  f o r  t h i s  p u r p o s e ,  
t h e  a c t i v i t i e s  o f  e a c h  e n z y m e  i n  b o t h  f r a c t i o n s  o f  e a c h  c a r c i n o m a  
m e a s u r e d  p e r  g .  o f  t i s s u e  were a d d e d ,  a n d  d i v i d e d  b y  th e  s u m  o f  
t h e  p r o t e i n  c o n t e n t  o f  b o t h  f r a c t i o n s  p e r  g *  o f  t i s s u e *  T h e  
r e s u l t s  w e r e  t h u s  s t r i c t l y  c o m p a r a b l e  i n  b o t h  s e r i e s  a n d  s h o w e d  
v a l u e s  fo r  t h e  s p e c i f i c  a c t i v i t é s  o f  a l l  fo u r  n u c l e a s e s  i n  t h e  
c a r c i n o m a t a ,  w i t h  t h e  e x c e p t i o n  o f  D N A a s e  I ,  w h i c h  w e r e  s ig n -  
i f i c a n t l y  h i g h e r  t h a n  t h e  v a l u e s  o b t a i n e d  i n  t h e  n o r m a l  s a m p l e s  
( Table/ J  ) #  I t  i s  h a r d  t o  s e e  h o w  t h e s e  r e s u l t s  can b e
i n t e r p r e t e d  o t h e r  t h a n  a s  f u n d a m e n t a l  d i f f e r e n c e s  b e t w e e n  c a r ­
c i n o m a t a  a n d  t h e i r  t i s s u e  o f  o r i g i n ,  t h o u g h  t h i s  d o e s  n o t  m e a n  
t h a t  t h e y  a r e  n e c e s s a r i l y  i n v o l v e d  i n  t h e  mechanism o f  m a l i g n a n t  
tr a n sfo rm a tio n  * T h e  d a t a  r e la t in g  t o  d i f f e r e n c e s  i n  p a r t i c u l a t e  
a c t i v i t y  b a s e d  u p o n  w e i g h t  o f  t h e  s a m p l e  a n d  t o  t h e  p e r c e n t a g e  
o f  t h e  t o t a l  cy to p la sm ic  a c t i v i t y  p r e s e n t  i n  t h e  p a r t i c l e s  a r e  
m u c h  more q u e s t i o n a b l e ,  a s  a r e  t h e  d a t a  g i v i n g  t h e  p r o t e i n  c o n t e n t  
o f  th e  p a r t i c l e s  p e r  g *  o f  t i s s u e ,  s i n c e  c o m p a r i s o n  l a  v a l i d
e--?.
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o n ly  I f  i t  o a n  b o  e s ta b l is h e d  t h a t  t h e  y i e l d  o f  p a r t i c l e s  was 
q u a n t i t a t iv e ,  o r  r e p r e s e n t e d  t h e  s a m e  p e r c e n t a g e  o f  th e  t o t a l  
i n  b o t h  n o r m a l  a n d  c m r o l m o m a  s a m p l e s .  S u o h  w a s  c e r t a i n l y  n o t  
t h e  e a s e .  . I t  1©  p r o b a b l e  t h a t  m a n y  m i t o c h o n d r i a  à n d . m a i o r o s o m e s  
b e c a m e  e n m e s h e d  i n  t h e  n e t w o r k  o f  c o lla g e n  f i b r e s  and w e r e  
d r a g g e d  d o w n  d u r i n g  t h e  f i r s t  c e n tr ifu g a t io n  o f  t h e  n o r m a l
s a m p l e s  a t  g O O g . B e c a u s e  l e s s  c o l l a g e n  w a s  p r e s e n t  i n  t h e
'■
s a m p l e s  o f  carcin om ata , p a r t i c l e s  a r e  v e r y  u n l i k e l y  to  h a v e  
W e n  l o s t  t o  an y th in g  a p p r o a c h i n g  t h e  s a m e  e x t e n t #  An 
a d d i t i o n a l  f a c t o r  w h i c h  h a s  t o  h e  t a k e n  i n t o  c o n s i d e r a t i o n  i s  
t h e  l i k e l i h o o d  t h a t  l i t t l e  p a r t i c u l a t e  m a t e r i a l  i s  p r e s e n t  i a  
t h e  f i b r o u s  t i s s u e  w h i c h ,  a e  h a s  h e e m  e s t i m a t e d ,  m ight a c c o u n t  
f o r  h a l f  t h e  w e i g h t  o f  t h e  n o r m a f i  s a m p l e s #  T h e  m e a n  p r o t e i n  
c o n t e n t  o f  t h e  combined p a r t i c l e s  w a s  2 ,6  m g .  p e r  g ,  w e t  w e i g h t  
f o r  t h e  norm als a n d  1 7 .3  mg# p e r  g #  w e t  w e i g h t  f o r  t h e  c a r c i n ­
o m a t a  *> I v a n  i f  a l l o w a n c e  i s  made f o r  5 0 ^  o f  t h e  w eigh t o f
th e  n o r m a l  s a m p l e s  b e i n g  n o n ^ e p i t h e l i a l ,  t h e r e  i s  s t i l l  a  
d i f f e r e n c e  o f  more than t h r e e « ? f o l d  b e t w e e n  t h e  n o r m a l s - a n d  t h e  
carcin om ata . I t  c a n n o t  b e  s ta t e d  w i t h  a ,n y  o e x t a i n t y  w h e t h e r  
# 1 1  o f  t h i s  d i f f e r e n c e  i s  d u e  t o  d i f f e r e n c e s  i n  t h e  r e c o v e r y  
o f  t h e  p a r t i c l e s ,  o r  w h e t h e r  i t  r e f l e c t s ,  i n  a d d i t i o n ,  t h e  
p r e s e n c e  o f  cy to p la sm ic  p a r t i c l e s  i n  l a r g e r  n u m b e r s  i n  c e r v i c a l  
c a r c i n o m a t a  t h a n  i n  t h e  n o r m a l  c e r v ix .  H o w e v e r ,  th e  p r e s e n t  
f i n d i n g s  a r e  su pp orted  b y  t h e  r e s u l t s  o f  an e l e otron -m ioroscop e  
s t u d y  o f  c e r v ic a l  c a r c i n o m a t a  w h i c h  l e f t  t h e  a u t h o r s  i n  n o
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d o u b t  t h a t  r e l a t i v e  t o  t h e  n o r m a l  c e r v i x ,  t h e  o a r e l n o m a t a  h a v e  
m a n y  m o r e  m i t o c h o n d r i a  p e r  c e l l i  f u r t h e r m o r e ,  t h e  t y p i c a l  c a n c e r  
m itochondrion  w a s  l a r g e r  than  i t s  c o u n t e r p a r t  In  t h e  n o r m a l  c e l l  
( L u i ' b e l ,  B a n d e r s  a n d  A s h w o r t h ,  I 9 6 0  % I t  c a n  a t  l e a s t  h e  s a i d  
w ith  s o m e  m e a s u r e  o f  co n fid en ce  t h a t  t h e r e  i s  l i t t l e  e v i d e n c e  
h e r e  t o  s u p p o r t  t h e  v i e w  d e r i v e d  f r o m  s t u d i e s  o n  a n i m a l  t u m o u r s  
t h a t  m a l i g n a n c y  i s  n e c e s s a r i l y  a s s o c i a t e d  w i t h  d i m i n i s h e d  c o n t e n t  
o f  m i t o c h o n d r i a  a n d  o f  e n d o p l a s m i c  re ticu lu m  ( A l l a r d ,  d e  
D a m i r a n d e  a n d  C a n t e r o ,  1 9 5 3 1  F i a l a ,  1 9 5 3 ;  1961; S ch n eid er
e t  a l . g  1 9 5 3 1  d e  D a m i r a n d e  a n d  A lla r d , 1 9 5 9 a |  F i a l a  a n d  
F ia la ,  1959 )*
a )  E f f e c t s  ^ _____ _
B ffeoiis upon rai)jerrGs wxvn uexviLoao- vax*cxnomata
a )  E f f e c t sr  Mia =  TITI— " \ IM 'hl !■! I !■ I
The m o s t  c o n s is t e n t  c h a n g e  s e e n  i n  t h i s  work was t h e  
d ecrea se  i n  s u p e r n a t a n t  p r o t e i n  a f t e r  r a d i a t i o n ,  th e  m e a n  
c o n t e n t  p e r  g «  w e t  w e i g h t  o f  t i s s u e  d r o p p i n g  f r o m  5 9 * 9  m g*  
t o  3 2 * 9  m g #  D e c r e a s e  i n  p r o t e i n  c o n t e n t  o f  t h e  t i s s u e s  i s  
a  f a i r l y  g e n e r a l  e f f e c t  o f  i o n i s i n g '  r a d i a t i o n  ( H o l m e s ,  1 9 5 7 ) ,  
a n d  i s  f r e q u e n t l y  a c c o m p a n i e d  b y  e v i d e n c e  o f  i n c r e a s e d  p r o t e i n  
c a t a b o l i s m #  S w e llin g  o f  t h e  c e l l s  su r v iv in g  t h e r a p e u t i c  
r a d i a t i o n  o f  h u m a n  c e r v i c a l  carcinom ata i s  an e s ta b l is h e d  
h i s t o l o g i c a l  o b s e r v a t i o n  ( S u g i m o r i ,  1 9 6 3  ; K o g a ,  Y a m a d a  and 
T a n a k U g  1 9 6 3  ) ,  and i t  I s  k n o w n  t h a t  p r o f o u n d  s h i f t s  i n  w a t e r
a n d  e l e c t r o l y t e s  accompany i r r a d i a t i o n  o f  t h e  r a t  i n t e s t i n e  
( B a k e r  a n d  M i t c h e l l ,  1 9 6 3  )^ A c c u m u l a t i o n  o f  w ater i n  t h e
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t i e s u e e  c o u l d  t h u s  h e  a n o t h e r  f a c t o r  r e s p o n s ib le  f o r  t h e  
low er p r o t e i n  c o n t e n t  per u n i t  w eigh t o f  t i a s u e  e n c o u n t e r e d  
a f t e r  r a d i a t i o n  i n  t h e  p r e se n t w o r k #  T h e  f in d in g  t h a t  t h e  
" M i t o c h o n d r i a l  and "Microsomal f r a c t i o n s  are f o r  a l l  p r a c t ic a l  
p u r p o s e s  u n a f f e c t e d  i s  s o m e w h a t  u n e x p e c t e d , s i n c e  i t  h a s  h e e n  
s u g g e s t e d  b y  s e v e r a l  w orkers t h a t  s o l u b i l i s a t i o n  o f  p a r t i c l e -  
ï o u i i d  p r o t e i n  i s  one o f  t h e  s e q u e l a e  o f  t i s s u e  i r r a d i a t i o n  a n d  
c o u l d  account f o r  in c r e a s e  in  s u p e r n a t a n t  e n z y m e :  a c t i v i t i e s  
which t h e y  o b s e r v e d  (R oth , 1 9 5 6 & ; O k a d a  and P e a c h e y ,  X 9 5 Î  I 
R o t h  a n d  B i c h a l ,  1 9 5 8  ; R o t h  a n d  H i l t o n ,  1 9 6 3  )# H o w e v e r ,  a  
c l e a r - c u t  d em on stration  o f  p a r t ic u la te  d e s t r u c t i o n  b y  io n is in g  
r a d ia t io n s  i s  l a c k i n g #  M u c h  a t t e n t i o n  h a s  b e e n  p a i d  t o  
X jB O B O T aea in  t h i s  r e s p e c t #  F r o m  a s t u d y  o f  t h e  e f f e c t  o f  
w holc-body r a , d i a t i o n  u p o n  t h e  a c t i v i t y  o f  s e v e r a l  h y d r o l a s e s  
r e p u t e d l y  a s s o c i a t e d  w i t h  ly  so  some a , no u n i f o r m  c h a n g e  cou ld  
b e  d e m o n s t r a t e d  ÿ a n d  i t  w a s  c o n c l u d e d  t h a t  r a d i a t i o n - s e n s i t i v i t y  
" i s  r e s t r i c t e d  t o  a  r e l a t i v e l y  s m a l l  n u m b e r  o f  t h e s e  . s t r u c t u r e s  
c o n t a i n i n g  c e r t a i n  e n z y m e s ,  s u c h  a s  M A a e e ,  i n  v e r y  h i g h  con­
c e n tr a t io n  ( R o t h ,  B u k o v s l g -  a n d  l l o h . e X ,  1 9 6 2 ) #  O ther e x p e r i m e n t s  
h a v e  s h o w n  t h a t ,  w h i l e  r e l e a s e  o f  e n z y m e s  f r o m  l y s o s o m e a  s e e m s  
t o  o c c u r  a f t e r  i r r a d i a t i o n  o f  t h e  whole an im al o r  t i s s u e  s l i c e s ,  
d i r e c t  i r r a d i a t i o n  o f  hom ogenates o r  r e l a t i v e l y  p u r e  l y s o s o m a l  
p r e p a r a t i o n s  i n d u c e s  n o  s u c h  c h a n g e ,  a n d  i t  h a s  b e e n  s u g g e s t e d ,  
w i t h  a  c e r t a i n  a m o u n t  o f  s u p p o r t i n g  e x p e r i m e n t a l  e v i d e n c e ,  t h a t  
h o r m o n a l  f a c t o r s  and n o t  i r r a d i a t i o n  p a r  a e  a r e  r e s p o n s i b l e  f o r  
th e s e  olîansôs (Rahman, 1963 § S o tto o a sa , G lass and de B ernard ,
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1 9 6 5  )# T h e  p r e s e n t  r e s u l t s  § b a s e d  a s  t h e y  a r e  u p o n  t e c h n i q u e s  
which are n o t  w h o l l y  s a t i s f a c t o r y  f o r  t h e  q u a n t i t a t i v e  p r e p a r a t i o n  
o f  cy to p la sm ic  p a r t i c l e s ,  d o  n o t  s u g g e s t  t h a t  l o s s  o f  p a r t i c u l a t e  
e n z y m e s  in to  t h e  s u p e r n a t a n t  o ccu rs w i t h  t h e r a p e u t i c  d œ s  o f  
r a d i a t i o n  i n  m a n #  A s  a  c o n s e q u e n c e  o f  t h e  f a l l  i n  s u p e r n a t a n t  
p r o t e i n  u n a c c o m p a n i e d  by a n y  c h a n g e  i n  t h e  p r o t e i n  c o n t e n t  o f  
t h e  p a r t i c l e s ,  th e  f o r m e r ,  e x p r e s s e d  a s  a  p ercen tage  o f  t h e  
t o t a l  c y t o p l a s m i a  p r o t e i n ,  f a l l s  s i g n i f i c a n t l y ,  w h i l e  t h e  l a t t e r  
r i s e s  -  s l g n l f i  c a n t l y  i n  t h e  c a s e  o f  t h e  " M i t o  c h o n d r i a l "  f r a c t io n  * 
A s i m i l a r  f a l l  i n  t h e  s u p e r n a t a n t  e n z y m e  a c t i v i t i e s  e x p r e s s e d  
a s  a  p e r c e n t a g e  o f  t h o s e  f o r  t h e  w h o l e  cytop lasm  a l s o  f o l l o w s  
from t h i s  s i t u a t i o n ,  though t h e  f a l l  i n  t h i s  p a r a m e t e r  i s  
s i g n i f i c a n t  o n l y  w i t h  alk# E M A a s e ^
Â r i s e  in  t h e  s p e c i f i c  a c t i v i t y  o f  b o t h  E H l a e e s  t a k e s  
p l a c e  i n  e v e r y  f r a c t i o n #  t h i s  e l e v a t i o n  i s  h i g h l y  s i g n i f i c a n t  
i n  e v e r y  i n s t a n c e  w i t h  t h e  e x c e p tio n  o f  a c i d  H N A a s e  a c t i v i t y  
o f  t h e  s u p e r n a t a n t #  W h e n  t h e  e n z y m e  a c t i v i t i e s  o f  t h e  v a r i o u s  
f r a c t i o n s  a r e  r e l a t e d  t o  t h e  w e i g h t  o f  t h e  t i s s u e ,  l i t t l e  c h a n g e  
i s  o b s e r v e d  i n  t h e  s u p e r n a t a n t , a  s i g n i f i c a n t  e l e v a t i o n  o c c u r s  
f o r  b o t h  B î f Â â a e s  i n  t h e  " M i t o c h o n d r i a l "  f r a c t i o n ,  a n d  b o t h  
a r e  m o d e r a t e l y  e l e v a t e d  i n  t h e  " M i c r o s o m a l "  f r a c t i o n #  T h e s e  
c h a n g e s  are d i f f i c u l t  t o  i n t e r p r e t .  S i n c e  t h e  s p e c i f i c  a c t i v i t y  
o f  t h e  s u p e r n a t a n t  r i s e s  whereas t h e  t o t a l  a c t i v i t y  d o e s  n o t ,  
t h e  s i m p l e s t  e x p la n a tio n  i s  t h a t  t h e  d e c r e a s e  i n  p r o t e i n  c o n te n t  
o f  t h i s  f r a c t i o n  i s  a c c o m p a n i e d  b y  a s e l e c t i v e  r e t e n t i o n  o f  t h e  
e n z y m e  w i t h i n  t h e  c e l l .  I n c r e a s e d  l i b e r a t i o n  f r o m  p a r t i c l e -
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b o u n d  e n z y m e  c a n n o t  b e  a  f a c t o r ,  s i n c e  i n  t h a t  e v e n t  t h e  a c t i v i t y  
o f  t h e s e  f r a c t i o n s  w o u l d  h e  d i m i n i s h e d .  N o r  d o e s  i t  a p p e a r  
t h a t  d e s t r u c t i o n  o f  i n h i h i t o r s  c a n  h e  t h e  s o l e  e x p l a n a t i o n  s i n c e  
t h i s  w o u l d  h e  e x p e c t e d  t o  l e a d  t o  a n  i n c r e a s e  i n  t h e  t o t a l  
E I A a e e  o f  t h e  f r a c t i o n  a s  w e l l  a s  t o  a n  i n c r e a s e  i n  i t s  s p e c i f i c  
a c t i v i t y *  I t  i s  o f  c o u r s e  p o s s i b l e  t h a t  I M A a e e  i e  n o t  
s e l e c t i v e l y  r e t a i n e d  h u t  t h a t  a  c o m b i n a t i o n  o f  e v e n t s  i n c l u d i n g  
g e n e r a l  p r o t e i n  l o s s  a n d  s p e c i f i c  d e s t r u c t i o n  o f  B N l a e e  i n h i b i t o r  
c o u l d  a c c o u n t  f o r  t h e  t w i n  f a c t a  o f  i n c r e a s e d  s p e c i f i c  a c t i v i t y  
a n d  u n c h a n g e d  t o t a l  a c t i v i t y .  T h e  p o i n t  c o u l d  v e r y  r e a d i l y  
b e  s e t t l e d  b y  a s s a y  f o r  E H A ae©  i i i M M t o r s  i n  t h e  s a m p l e s  b e f o r e  
a n d  a f t e r  r a d i a t i o n .  I n  s o  f a r  a s  t h e  p a r t i c l e s  a r e  c o n c e r n e d ,  
a  g e n u i n e  i n c r e a s e  i n  t h e  a c t i v i t y  o f  b o t h  E l A a s e s  a p p e a r s  t o  
h a v e  t a k e n  p l a c e  # T h i s  c o u l d  b e  d u e  t o  d e s t r u o t i o n  o f  i n ­
h i b i t o r s  , b u t  i t  i a  w e l l  t o  m e n t i o n  t h a t  t h o s e  E I A a s e  i n h i b i t o r s  
w hich h a v e  b e e n  c h a r a c te r ise d  s o  f a r  a p p e a r  to  b e  c o n c e n t r a t e d  
i n  t h e  s u p e r n a t a n t  ( B o t h ,  1956^^1 . B o t h  a t  a l # ,  1 9 5 8 ^ , a l t h o u g h  
b i n d i n g  o f  th e  i n h i b i t o r s  t o  m i o r o e o m e O  occu rs t o  a  c e r t a i n  
e x t e n t  ( U t o a n  a n d  T r u p i n ,  1 9 5 8  ;  M c M a n  a n d  M o r r i l l ,  1 9 5 9  ?
B o t h ,  I 9 6 0  ; 1 9 6 2  ) .  I t  c o u l d  o f  c o u r s e  b e  t h a t  n o r m a l l y  a  
c o n s i d e r a b l e  a m o u n t  o f  in h ib i t o r  i s  b o u n d  o r  adsorbed b y  t h e  
p a r t i c l e s ,  t h i s  b e i n g  d e s t r o y e d  b y  r a d ia tio n #  A g a i n ,  t h i s  
p o s s i b i l i t y  c a n  b e  t e s t e d  e x p e r i m e n t a l l y »  Two o t h e r  p o s s i b i l ­
i t i e s  c a n  b e  m e n t i o n e d  a t  t h i s  s t a g e ,  n a m e l y ,  p r o f o u n d  c h a n g e s
i n  t h e  c e l l  p o p u l a t i o n  w i t h  r e t e n t i o n  or i n f l u x  o f  c e l l s  w i t h  
d i f f e r e n t  enzym ic p r o p e r t i e s  f r o m  t h o s e  p r e s e n t  b e f o r e  r a d i a t i o n ,
■^47
t h o u g h  i t  I B  u n l i k e l y  t h a t  s u c h  c e l l s  c o u l d  b e  n o r m a l  c o m -
B t i t u o n t s  o f  c e r v i c a l  e p i t h e l i u m  i a  v i e w  o f  t h e  l o w  c o n t e n t  o f
M l k a B m  f o u n d  i n  a u  o h  t i a s u e  ; a n d  d e  n o v o  s y n t h e B i e  o f  e n z y m e  « 
T h e  t i m e  i n t e r v a l  o f  o n e  week e la p s in g  b e f o r e  r a d i a t i o n  a n d  
c o l l e c t io n  o f  t h e  p o s t - r a d i a t i o n  sample w a s  s u c h  a e  w o u l d  
perm it b o t h  p o s s i h i X i t i o a *
T h e  p r e s e n t  f i n d i n g s ,  i n d i c a t i n g  a  g e n e r a l  i n c r e a s e  i n  
E N A a s e  s p e c i f i c  a c t i v i t y  s u b s e q u e n t  t o  t i s s u e  i r r a d i a t i o n ,  a r e  
m o r e  I n  a c c o r d  w i t h  e v e n t s  o c c u r r i n g  i n  r a d i o * ^ s e n s l t i v e  t i s s u e s  
s u c h  a s  s p l e e n  a n d  t h y m u s  w h e r e  a c t i v i t y  i s  i n c r e a s e d  ( W e y m o u t h ,  
1958 ;  M a o r  a n d  A l e x a n d e r ,  1 9 6 3  ) t h a n  i n  r a d i o - r e s i s t a n t  t i s s u e s  
s u c h  a a  l i v e r  w h e r e  a c t i v i t y  i s  v a r i a b l e  h u t  o n  t h e  w h o l e  d e ­
c r e a s e d  ( B o t h  e t  a l #  $ 1 9 5 3  # B o t h , 1 9 5 6 %  O n  t h e  o t h e r  h a n d ,
t h e  s h i f t  o f  a c t i v i t y  f r o m  p a r t i d o a  t o  s u p e r n a t a n t  w h i c h  h a s
'b e e n  r e p o r t e d  t o  f o l l o w  i r r a d i a t i o n  o f  t h e  s p l e e n  ( B o t h  a n d  
E i c h e l g  1958 ) d o e s  n o t  s e e m  t o  o c c u r  i n  h u m a n  o e i r v i c a l  c a r c i n ­
o m a t a .
% en a c t i v i t i e s  a r e  r e l a t e d  t o  t h e  w e i g h t  o f  t h e  t i s s u e ,  
D N A a s e  I I  i s  d ecreased  s i g n i f i c a n t ly  i n  t h e  su p ern atan t a n d  
both  DNAases a r e  s i g n i f i c a n t l y  d i m i n i s h e d  i n  t h e  "Microsomal"
f r a c t i o n #  T h e r e  w o u l d  a p p e a r  t o  h e  n o  s p e c i f i c  e f f e c t  o f  
i o n l B l n g  r a d i a t i o n  u p o n  D N A a s e  I  a c t i v i t y ,  s i n c e  t h e  a c t i v i t y  
o f  t h e  s u p e r n a t a n t  i s  d im in ish ed  p a r i  passu  w i t h  t h e  l o s e  o f  
s o X u h l ©  p r o t e i n  f r o m  t h i s  f  r a n t  i o n ,  a n d  such c h a n g e s  a s  t h e r e  
a r e  i n  t h e  p a r t i c l e s  a r e  more i n  k e e p i n g  w i t h  a  r e d i s t r i b u t i o n
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o f  t h e  a o t i v i t j  b e t w e e n  t h e  " S i t o o h o n d r i a l "  a n d  " M i o r o a o r a a l "  
f r a c t i o n s #  T h u s  t h e  p e r c e n t a g e  o f  t h e  t d a l  o y t o p l a s m i c  
a c t i v i t y  o f  t h i s  e n z y m e  p r e s e n t  i n  t h e  f o r m e r  i a  s i g n i f i c a n t l y  
i n c r e a s e d ,  w h i l e  t h e  p e r c e n t a g e  p r e s e n t  i n  t h e  l a t t e r  f r a c t i o n  
i s  s i g n i f i c a n t l y  d e c r e a s e d #  On t h e  a s s u m p t i o n  t h a t  t h e  a c t i v i t y  
i n  b o t h  f r a c t i o n s  i s  d u e  t o ,  t h e i r  c o m p l e m e n t  o f  l i g h t  m i t o c h o n ­
d r i a ,  i t  i s  p o s s i b l e  t h a t  i o n i s i n g  r a d i a t i o n i  b r i n g s  a b o u t  a  
s u b t l e  c h a n g e  i n  t h e  s i z e  a n d  s e d i m e n t a t i o n  p r o p e r t i e s  o f  t h e s e  
p a r t i c l e s ,  o r  c a u s e s  a g g r e g a t i o n  a n d  c l u m p i n g  t o  t a k e  p l a c e *
I n  e v e r y  f r a c t i o n ,  t h e  a c t i v i t y  o f  D N A a s e  I I  p e r  Toig. p r o t e i n  
i s  d i m i n i s h e d .  T h i s  m u s t  s t a n d  a s  s u g g e s t i n g  a  s p e c i f i c  l e s i o n  
c a u s e d  b y  i o n i s i n g  r a d i a t i o n  i n  t h i s  t i s s u e ,  a l t h o u g h  i t  m u s t  
b e  m a d e  q u i t e  c l e a r  t j i a t  t h e  r e d u c t i o n  w a s  n o t  s i g n i f i c a n t  i n  
a n y  f r a c t i o n .  E v e n  v m r e  t h i s  f i n d i n g  e s t a b l i s h e d  o n  a  s t a t i s t i c  
o a l i y  s o u n d  b a s i s ,  i t  w o u l d  n o t  f o l l o w  t h a t  t h i s  r e d u c t i o n  i n  
a c t i v i t y  i s  i n  a n y  w a y  c o n n e c t e d  w i t h  t h e  i n i t i a l  a n d  p r i r a a . r y  
e f f e c t s  o f  r a d i a t i o n .  I t  m a y  s i m p l y  b e  a  m a n i f e s t a t i o n  o f  
r e d u c e d  p r o t e i n  s y n t h e s i s  w i t h  f a i l u r e  o f  e n z y m e  r e n e \ m l ,  o r  
i t  m a y  b e  a  r e f l e c t i o n  o f  c h a n g e s  i n  c e l l  p o p u l a t i o n  w i t h  r e ­
d u c t i o n  i n  t h e  n u m b e r  o f  c e l l s  e n d o w e d  w i t h  h i g h  D N A a s e  I I  
a c t i v i t y  f
T h e  r e p o r t s  o f  t h o s e  i n v e s t i g a t o r s  w h o  h a v e  e x a m i n e d  t h e  
e f f e c t  o f  w h o l e - b o d y  i r r a d i a t i o n  u p o n  t h e  D N A a s e  I  l e v e l s  o f  
t i s s u e s  a r e  s o m e w h a t  c o n t r a d i c t o r y i  a l l  a g r e e  h o w e v e r  t h a t  
S u c h  c h a n g e s  a s  o c c u r ,  a r e  s m a l l w i t h  a  t e n d e n c y  f o r  l i v e r  t o
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s h o w  B o m e w h a iî  i n c r e a s e d  a c t i v i t y  a n d  s p l e e n  s o m e w h a t  d e c r e a s e d  
a c t i v i t y  ( D o u g l a s s  e t  a l . ,  1954 ;  f e l l a s  e t  a l # ,  1954 ; ï û i r n i c k  
e t  a l . , 1958 % T h e  p r e s e n t  f i n d i n g s  o c c u p y  a  p o s i t i o n  m id v ? a y  
'b e t w e e n  t h e  a b o v e ,  s i n c e  s u p e r n a t a n t  s p e c i f i c  a c t i v i t y  i s  
m a r g i n a l l y  i n c r e a s e d ,  a n d  p a r t i c u l a t e  a c t i v i t y  t a l c e n  a s  a  w h o l e  
s o m e w h a t  d e c r e a s e d .  O n  t h e  o t h e r  h a n d , i t  i s  a g r e e d  a l m o s t  
w i t h  u n a n i m i t y  t h a t  w h e r e a s  I N A a s e  I I  a c t i v i t y  o f  l i v e r  a n d  
k i d n e y  i s  u n c h a n g e d  b y  i r r a d i a t i o n ,  t h e  a c t i v i t y  o f  t h e  s p l e e n  
a n d  t h y m u s  i s  g r e a t l y  i n c r e a s e d  ( D o u g l a s s  e t  a l * , 1954 |  F e l l a s  
e t  a l .  ,  1954 ;  D o u g l a s s  a n d  D a y , 1955 ; O k a d a  e t  a l . , 1957 ?
1958 ; W e y m o u t h ,  1958 ; K u r n i o k  e t  a l * , 1958 ; 1959 ) .  No s u c h  
f i n d i n g  w a s  o b t a i n e d  in  th e  p r e s e n t  s t u d y .  T h e  c h a n g e  w h i c h  
t o o k  p l a c e  w a s  i n  t h e  d i r e c t i o n  o f  d e c r e a s e d  a c t i v i t y i  a n d  
w h i l e  t h i s  w a s  n o t  s i g n i f i c a n t  w h e n  m e a s u r e d  r e l a t i v e  t o  t i s s u e  
p r o t e i n  c o n t e n t  ? i t  w a s  h i g h l y  a i g n i f i o a n t  w h e n  m e a s u r e d  
r e l a t i v e  t o  t h e  w e i g h t  o f  t h e  s a m p l e ,  a l t h o u g h  t h e  m o r e  g e n e r a l  
c h a n g e s  l i k e l y  t o  b e  r e s p o n s i b l e  f o r  t h i s  p h e n o m e n o n  h a v e  
e a r l i e r  b e e n  d i s c u s s e d #  I t  i e  w e l l  t o  r e m e m b e r  t h a t  t h e  n a t u r e  
o f  t h e  r a d i a t i o n ,  w h i c h  w a s  s t r i c t l y  l o c a l i z e d  b y  m e a n s  o f  
r e f i n e d  t e c h n i q u e s  d e s i g n e d  s p e c i f i c a l l y  f o r e  t h i s  v e r y  p u r p o s e ;  
t h e  d o s a g e , w h i c h  w a s  f a r  b e l o w  t h a t  e m p l o y e d  i n  t h e  a n i m a l  
s t u d i e s  c i t e d  a n d  ad m in istered  o v e r  a  m u c h  l o n g e r  p e r i o d ;  a n d  
t h e  t i m e  in t e r v a l  a t  w h i c h  t h e  p o s t - r a d i a t i o n  s p e c i m e n  w a s  
e x a m i n e d ,  were a l l  s o  v ery  d i f f e r e n t  f r o m  t h e  c o r r e s p o n d i n g  
f a c t o r s  w h i c h  c h a r a c t e r i s e d  p r e v i o u s  p u b l i s h e d  v m r k  i n  t h i s
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f i e l d ,  t h a t  l i t t l e  s u r p r i s e  a t t a c h e s  t o  t h e  d i s c r e p a n c i e s  
n o t e d .  A d d e d  t o  t h i s ,  i t  i s  v e r y  p r o b a b l e  t h a t  t h e  t i s s u e s  
o f  t h e  h m i a n  c e r v i x  u t e r i  a r e  n a t u r a l l y  r a d i o - r e s i s t a n t ,  s i n c e  
t h e y  h a v e  v i r t u a l l y  n o  m o r p h o l o g i c a l  f e a t u r e s  i n  c o m m o n  w i t h  
t h o s e  t i s s u e s  s u c h  a s  s p l e e n ,  t h y m u s  a n d  h o n e - m a r r o w  w h i c h  a r e  
t h e  a r c h - t y p e s  o f  r a d i o - s e n s i t i v e  t i s s u e s .  I n  a d d i t i o n ,  I t  
i s  p r o b a b l e  t h a t  t h e  r e s p o n s e  t o  r a d i a t i o n  w o u l d  s h o w  v a r i ­
a b i l i t y  i n  t h e  d i f f e r e n t  t u m o u r s , a n d  u n t i l  a  p r o s p e c t i v e  
s t u d y  o n  t h e  p r e s e n t  c a s e  m a t e r i a l  s p f i a r a t e e  t h Q s e  s h o w i n g  a  
f a v o u r a b l e ,  r e s p o n s e  f r o m  t h e  n o n - r e s p o n d e r s ,  i t  c a n n o t  b e  
a s c e r t a i n e d  w h e t h e r  t h e  c h a n g e s  r e p o r t e d  a r e  a  c a u s e , ,  a  r e s u l t ,  
o r  a n  i n d i r e c t  r e f l e c t i o n  o f  t u m o u r  a b l a t i o n ,  a n d  w h e t h e r  t h e y  
o f f e r  a n y  p r o g n o s t i c  I n d i c a t i o n  t o  t h e  t h e r a p i s t  c o n c e r n e d  
w i t h  a s s e s s i n g  t h e  p r o g r e s s  o f  t h e  p a t i e n t *
I t  i s  p o s s i b l e  n e v e r t h e l e s s  t o  r e c o n c i l e  t h e  r e s u l t s  o f  
t h e  p r e s e n t  w o r k  w i t h  t h o s e  r e p o r t e d  f r o m  a n i m a l  i n v e s t i g a t i o n s , 
I t  w a e  s u g g e s t e d  b y  W e y m o u th  ( 1 9 5 8 ) ,  a n d  s u b s e q u e n t l y  d e m o n -  
s t a t e d  b y  h i s t o c h e m i c a l  t e e h n i q u B B  ( A l d r i d g e  e t  a l , , I 9 6 0 ) ,  
t h a t  i n c r e a s e d  s p e c i f l o  a c t i v i t y  o f  D N A a s e  I I  i n  l y m p h o i d  
t i s s u e s  i s  d u e  t o  l o s e  o f  r a d i o - s e n s i t i v e  c e l l s  p o o r  i n  t h e  
e n z y m e  w i t h  a c c u m u l a t i o n  o f  r a d i o - r e e i s t a n t  c e l l e  p o s s e s s e d  o f  
a  h i g h  c o n t e n t  o f  D N A a s e  I I #  T h i s  v i e w  h a s ,  m o r e o v e r ,  b e e n  
c o n f i r m e d  b y  É U r n l c k  e t  a l # ,  ( I 9 6 0 ) *  I t  h a s  b e e n  c o n c l u s i v e l y  
s h o w n  i n  t h e  p r e s e n t  i n v e s t i g a t i o n s  t h a t  t h e  c e l l s  w h i c h  m a k e  
u p  t h e  o è r v i o a l  c a r o i n o m a  a r e  r i c h e r  i n  D N A a s e  I I  t h e m  t h e
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C e l l s  o f  t h e  n o m i a l  e a r v i x .  T h e  e f f e c t  o f  r a d i a t i o n  u p o n  t h e  
c e r v i x  w i l l  b r i n g  a b o u t  d e a t h  o f  t h e  s e n s i t i v e  c a n c e r  c e l l s  
w h i l e  l e a v i n g  t h e  i u s e u a i t i v e  s t r o m a l  e l e m i e n t s  u n i m p a i x * e d *
T h i s  w i l l  i n d u c e  a  d i m i n u t i o n  o f  e n z y m e  a c t i v i t y  b y  a  p o p u l a t i o n  
c h a n g e  w h i c h  i s  t h e  i n v e r s e  o f  t h a t  o c c u r r i n g  i n  s p l e e n  a n d
ih y m u s *
f  T h e  a c t i v i t y  o f  a d e n o s i n e  d e a m i n a s e  w a s  r e d u c e d  i n  t h e  
s u p e r n a t a n t  r e l a t i v e  t o  b o t h  p r o t e i n  c o n t e n t  o f  t h e  f r a c t i o n  
a n d  w e i g h t  o f  t h e  t i s s u e ,  o n l y  t h e  l a t t e r  r e d u c t i o n  b e i n g  
s t a t i s t i c a l l y  s i g n i f i c a n t ,  and a l m o s t  c e r t a i n l y  a  r e s u l t  o f  
n o n - s p e c i f i o  l o s s  o f  s o l u b l e  p r o t e i n  f r o m  t h e  f r a c t i o n *  T h e  
on ly  p u b l i s h e d  w o r k s  r e l a t i f  t o  t h e  e f f e c t  o f  r a d i a t i o n  u p o n  
t h i s  e n z y m e  h a v e  s h o w n  i t  t o  b e  i n c r e a s e d  i n  s p l e e n  t h o u g h  o n l y  
r e l a t i v e  t o  t h e  p r o t e i n  c o n t e n t  o f  t h e  o r g a n  ( B i c h e l  a n d  B o t h ,  
1 9 5 0  I Both e t  a l * , 1 9 6 4  )$ u n c h a n g e d  i n  l i v e r  ( l l e h e l ,  1 9 5 5  )? 
a n d  d e c r e a s e d  i n  t h y m u s  ( R o t h  e t  a l # ,  1 9 6 4  ) .  S i n c e  a  c o r r e ­
l a t i o n  b e t w e e n  t h e s e  e n z y m e s  h a s  b e e n  e s t a b l i s h e d  i n  t h i s  v m r k , 
t h e  p o p u l a t i o n  c h a n g e s  s u g g e s t e d  a b o v e  t o  b e  r e s p o n s i b l e  f o r  
d i m i n i s h e d  D N A a s e  I I  a . o t i v i t y  a r e  l i k e l y  t o  l i e  a t  t h e  r o o t  
o f  t h e  f a l l  i n  a d e n o s i n e  deaminase c o n t e n t  o f  t h e  c e r v i c a l  
c a r c i n o m a t a  s u b s e q u e n t  t o  i r r a d i a t i o n #
2 5 2
b) E f f e c t  o f  I o n i s i n g  R a d i a t i o n  U p o n  B e r u m  I f u o l e a s e s
T h e  f i r s t  p o i n t  t o  e m e r g e  f r o m  t h i s  s t u d y  w a s  th e  f a c t  t h a t  
BO d i f f e r e n c e s  w e r e  a p p a r e n t  b e t w e e n  t h e  s e r u m  l e v e l s  o f  a l l  
f o u r  m u c l e a s e s  i n  t h e  c a s e s  o f  c e r v i c a l  c a r c i n o m a  a n d  t h o s e  
f o u n d  i n  a s m a l l  s e r i e s  o f  h e a l t h y  n o r m a l  s u b j e c t  ( T a b l e s  82  
a n d  83  ) *  I n  t r u t h ,  t h e  l e v e l s  o f  both D N A a s e s  a r e  s o m e w h a t  
b e l o w  t h o s e  o f  t h e  n o r m a l  s u b j e c t s  a s  i s  t o  h e  e x p e c t e d  from  
t h e  r e p o r t s  o f  W r o h l e w s k i  a n d  B o d a n s k j  ( 1 9 5 0 ) ,  o f  I C u r n i c k  ( 1 9 5 3 )  
a n d  o f  G a v o e t o  e t  a l # ,  ( 1 9 5 9 ) g w h ile  t h e  l e v e l  o f  E I A a e e  
a c t i v i t y  i s  a l m o s t  i d e n t i c a l  in  t h e  t w o  g r o u p s ,  i n  agreem ent 
w ith  t h e  f in d in g s  o f  s e v e r a l  in v e s t ig a t o r s  ( M e t a l s  a n d  M a n d e l ,  
1 9 5 5  f Houck a n d  Herman, 1958 |  L e v y  and R o t t i n o ,  I960 ) h u t  in  
c o n t r a s t  w i t h  t h e  r e p o r ts  o f  M i g l i a r e s e  (1958a; 1 9 S 8 h )* ‘
T h e  p r e s e n t  s t u d y  d i f f e r s  from  t h o s e  w h i c h  f o r m e d  t h e  b a s i s  o f  
t h e  a b o v e  p u b l i c a t i o n s  in  th a t  c a s e s  w e r e  r e s t r i c t e d  t o  o n e  
t y p e  o f  cancer o n ly @  and a  p r o p e r  c o n t r o l  g r o u p  w a s  n o t  s e l e c t e d
I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  l e v e l  o f  B M A a se  a c t i v i t y  
i n  t h e  s e r u m  a t  b o t h  a c i d  a n d  a l k a l i n e  p H  i s  v e r y  m u c h  g r e a t e r  
t h a n  t h e  l e v e l  o f  D N A a s e s .  N o t  o n l y  a r e  t h e  u n i t s  o f  D N A a s e  
a c t i v i t y  p r e s e n t e d  i n  T a b l e  82 m u lt ip lie d  by a  f a c t o r  o f  1 0 ^  
w i t h  r e s p e c t  t o  t h o s e  d e s c r i b i n g  E M a s e  a c t i v i t y ,  b u t  t h e  a c i d -  
s o l u b l e  m a t e r i a l  f o r m e d  by a c t i o n  o f  t h e  l a t t e r  e n z y m e  w a s  
e s t i m a t e d  a f t e r  a n  i n c u b a t i o n  o f  30 m in. w h e r e a s  v ^ / i th  t h e  
f o r m e r  enzyme t h e  i n c u b a t i o n  p e r i o d  w a s  4 h o u r s ;  n o  a l l o w a n c e  
f o r  t h i s  d i f f e r e n c e  i n  t i m e  o f  in cu b a tio n  w a s  m a d e  i n  d e f i n i n g
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t h e  i m i t s  e m p l o y e d  i m  t h i s  w o r k  ( M a t e r i a l ®  a n d  M e t h o d s ,  P a g e g i  ) .  
I t  i s  n o t e w o r t h y  th a t  G u p t a  a n d  H a r r i o t t  ( 1 9 6 3 )  found t h a t  t h e  
a c t iv i t y  o f  H H A a s o  w a s  1 0 0  t i m e  a  t h a t  o f  3 3 M a s e  im  h u m a n  b l o o d  
s e r u m #  I n  v i e w  o f  t h e  v e r y  l o w  r e s u l t s  o b t a i n e d  f o r  D N A a s e  I  
e s t im a tio n s  i n  h u m a n  aerum, s e v e r a l  s a m p l e s  o f  b l o o d  d r a w n  f r o m  
d o g e  a n d  f r o m  r a b b i t s  were a n a l y s e d  w ith  r e s u l t s  t h a t  dem onstrated  
a c t i v i t y  25-50  t im e s  a s  h i g h  a s  t h a t  u s u a l l y  e n c o u n t e r e d  in  
h u m a n  s e r u m ;  t h i s  i s  i n  agreem ent w ith  th e  r e s u l t s  o f  M r n i e k  
( 1 9 5 3 )  who f o u n d  s e r u m  DNAase I  a c t i v i t y  t o  be l o w e r  i n '  m a n  
t h a n  i n  a n y  o t h e r  o f  a  l a r g e  e e r i e  a  o f  m m m i a l s  i n v e s t i g a t e d *
T h e  D N A a s e  I I  a c t i v i t y  o f  s e r u m  m e a s u r e d  i n  t h e  p r e s e n t  w o r k  
w a s  s o  l o w  a s  t o  be un d e te c t  a b le  i n  m a n y  in s t a n c e s .  K ow lessar  
e t  a l#  ( 1 9 5 5 )  found a  a i m i l a r  s i t u a t i o n  t o  o b t a i n  in  th e  n o r a a l  
r a t .  A l t h o u g h  Gavoeto e t  a l #  ( 1 9 5 9 )  claim ed t o  m e a s u r e  s ig n ­
i f i c a n t  a c t i v i t y  o f  t h i s  enzyme in  h u m a n  serum , t h e i r  m e t h o d  
o f  a s s a y  o m m i t t e d  v e r a e n e  from th e  i n c u b a t i o n  m i x t u r e ,  a n d  i t  
i s  probable t h a t  i n h i b i t i o n  o f  D N A a s e  I  was i n c o m p l e t e  u n d e r  
t h e s e  c o n d it io n s .
T h e  a d m in is tr â t io n  o f  th e r a p e u t ic  r a d ia t io n  t o  t h e  t e n  
s u b je c ts  w a s  w i t h o u t  s i g n i f i c a n t  e f f e c t  u p o n  t h e  l e v e l  o f  
n u c l e a s e s  in  t h e  g r o u p  a s  a  w h o l e .  A l t h o u g h  c l e a r  e v i d e n c e  
f o r  t h e  e x i s t e n c e  i n  serum o f  a n  H M a s e  w i t h  a c i d  pH  o p t i m u m  
c o u l d  n o t  b f b b t a i n e d  ( P a g e  110 ) ,  t h e  a ssa y  w a s  c a r r ie d  o u t  a t  
p H  5#6 i n  a l l  s p e c i m e n s  s o  t h a t  i f  io n is in g  r a d ia t io n s  b r o u g h t  
about a  r e l e a s e  o f  a c i d  H N A a s e  f r o m  t i s s u e s  r i c h  i n  t h i s  e n z y m e ,  
t h e  e f f e c t  w o u l d  n ot b e  m i s s e d .
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Â b r i e f  c o m m e n t  t o  t h e  e f f e c t  th a t  e e r u m  E H A a e e  a c t i v i t y  
t e n d s  t o  f a l l  s u b s e q u e n t  t o  t h e r a p e u t i c  r a d i a t i o n  a p p e a r s  i n  
t h e  r e p o r t s  o f  M e t a l s  a n d  M a n d e 1  (1955) a n d  o f  M i g l i a r e a e  ( 1 9 5 8 b ) *  
N o / d e t a i l s  r e g a r d i n g  e i t h e r  t h e  s u b j e c t s  s t u d i e d  o r  t h e  r e s u l t s  
o b t a i n e d  w e r e  i n c l u d e d  by t h e s e  a u t h o r s ,  a n d  n o  m ention was m a d e  
o f  s t a t i s t i c a l  a n a l y s i s ,  so  t h a t  i t  i s  n o t  p o s s ib le  t o  m a k e  a  
; c r i t i c a l  e v a l u a t i o n  o f  t h e i r  f in d in g s*  I t  w a s  r e p o r t e d  b y
; E o w l e s e a r  e t  a l *  ( 1 9 5 5 )  t h a t  l a r g e  i n c r e a s e s  i n  t h e  a c t i v i t i e s
4
o f  D M a s e  I  and D M a s e  X I  o c c u r r e d  i n  t h e  p l a s m a  o f  r a t s  e x p o s e d  
to  i o n i s i n g  r a d i a t i o n  o v e r  a  p e r i o d  e x t e n d i n g  f r o m  1 8  h o u r s  t o  
6  d a y s  a f t e r  r a d i a t i o n ;  u n f o r t u n a t e l y  t h e y  d i d  n o t  s p e c i f y  t h e  
d o s e ,  b u t  i f  i t  w a s  i n  l i n e  w i t h  t h a t  e m % )lo y e d  i n  p a r a l l e l  e x ­
p e r i m e n t s  b y  t h e  s a m e  g r o u p  o f  i n v e a t i g a t o x ^ s ,  i t  w o u l d  h a v e  b e e n  
7 0 0 r  a d m i n i s t e r e d  a s  w h o l e  b o d y  r a d i a t i o n *  Mo d o u b t ,  d i f f e r e n c e s  
i n  d o s e ,  i n  t h e  f o r m  o f  a d m i n i s ' l ^ t i o n ,  a n d  in  t h e  s p e c i e s  
ir r a d ia te d  ad eq u ate ly  account f o r  t h e  f a i l u r e  t o  o b s e r v e  s i m i l a r  
c h a n g e s  s u b s e q u e n t  t o  t h e r a p e u t i c  r a d i a t i o n  i n  t h e  h u m a n  
s u b j e c t s  s t u d i e d  d u r i n g  t h e  p r e s e n t  work* T h e  p r i n c i p a l  f a c t  
t o  e m e r g e  i s  t h a t  t h e  e s t i m a t i o n  o f  s e r u m  n u c l e a s e s  do n ot o f f e r  
a n y  g u i d a n c e  a e  t o  t h e  r e a c t i o n  o f  a  p a t i e n t  s u b j e c t e d  t o  
l o c a l i z e d  p e l v i c  i r r a d i a t i o n ,
c) E f f e c t  o f  Io n is in g  R a d ia tio n  U p o n  U r i n e  N u c l e a s e s
A t  t h e  o u t s e t  a  s e r i o u B  d i f f i c u l t y  w a s  e n c o u n t e r e d  i n  
e l d i n g  h o w  b e s t  t o  e x p r e s s  u r i n a r y  enzyme a o t i v l t ^ r  # F r o m
2 5 5 ,
maay p o in ts  o f  v ie w , d e sc r ib in g  a c t i v i t y  as a c o n c e n tr a tio n
/■A
l A ,  u m s a t l s f a o t o r y ,  b I b o b  w i d e  f M o t i i a t i o n e  i n  w a t e r  e x c r e t i o n
/
;  o c t u r  f r o m  p a t i e n t  t o  p a t i e n t ,  a n d  i n  t h e  s a m e  p a t i e n t  f r o m  
y  % j!m e t o  tim e a n d  f r o m  d a y  t o  day. T h e  m o s t  e a t l e f a o t o r y  m e a s u r e  
'#1 10 t h e  t o t a l  24-hour o u t p u t ,  b u t  t h e r e  w e r e  c e r t a i n  d i f f i c u l t i e s
H è r e  a lB O o  T h e  m o a t  t r o u b l e s o m e  i a  t h e  p r o b l e m  i n  t h e  f e m a l e
s u b j e c t  o f  a v o i d i n g  l o s s  o f  u r i n e  d u r i n g  b o w e l  m o v e m e n t ,  S o m e
/  ' ■
/ / o f  t h e  p a t i e n t s  h a d  a t t a c k s  o f  sharp d i a r r h o e a  during p a r t  o f  
/   ^ t h e i r  t r e a t m e n t ;  u n d e r  t h e s e  c i r c u m s t a n c e s ,  i t  w o u l d  h a v e  b e e n  
s u r p r i s i n g  i f  l o s s e s  had n o t  o c c u r r e d ;  a n d  y e t  i n t e l l i g e n t  
s u b j e c t s  w e r e  n o t  alw ays a b l e  to  sa y  wMbher i n v o l u n t a r y  m i c t u r ­
i t i o n  h a d  tak en  p la c e ,  a n d  i f  e o ,  t o  w h a t  e x t e n t  t h i s  w a s  l i k e l y  
t o  i n t e r f e r e  w i t h  t h e  v a l i d i t y  o f  th e  24- h o u r  u r i n e  c o l l e c t i o n #  
W h e r e  d ia rrh o ea  w a s  p r o n o u n c e d  and s e r io u s  l o s s e s  a d m itted , t h e  
c o l l e c t i o n  w a s  n ot i n c l u d e d ,  but w h e r e  l o s a e a  w e r e  e a i d  t o  b e  
m i n o r , t h e  e v i d e n c e  o f  th e  p a t ie n t  was a c c e p t e d , s i n c e  i t  i a  
alm ost c e r ta in  t h a t  p a t i e n t s  w i t h  n o r m a l  b o w e l  m o v e m e n t e  w i l l  
a l s o  l o s e  some u r in e  d u r i n g  é v a c u a t i o n #  S p e c i a l  d i f f i c u l t y  
w a s  e n c o u n t e r e d  i n  o b t a i n i n g  o o l l e o t i o a s  f r o m  p a t i e n t s  d u r i n g  
r a d i u m  i m p l a n t a t i o n .  D u r i n g  t h i s  p e r i o d ,  t h e  p a t i e n t  u s u a l l y  
f e e l s  o f f - c o lo u r  a n d  t e n d s  n o t  t o  drink; m i n o r  d e g r e e s  o f  
d e h y d r a t i o n  aa;*a c o m m o n  w i t h  a  c o n s e q u e n t  r e d u c t i o n  o f  u r i n e  
f lo w - r a t e # Added t o  t h i s ,  t h e  p a c k  w h i c h  i s  p l a c e d  i n  t h e
v a g i n a l  v a u l t  c o m m o n ly  p r e s s e s  o n  t h e  b l a d d e r  and m a y  e v e n  
c o n s t r i c t  t h e  u r e th r a ; w h i l e  t h e s e  m e c h a n i c a l  p r o b l e m s  a r e  
n o t  im portant c l i n i o a X l y  s i n c e  t h e y  r e m i t  a e  s o o n  a s  t h e  p a c k
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i s  w ith-draw n, t h e y  may s e r io u s ly  l o w e r  t h e  e x o r e t io n  o f u r i n e  
which i s  p o o l e d  i n  a  d i s t e n d e d  b l a d d e r  a b o v e  t h e  l e v e l  o f  t h e  
r a d i u m  pack. f i n a l l y ,  i n  t h i s  p a r t ic u la r  a e r i e s ,  t h e  m a j o r i t y  
o f  t h e  p a t i e n t s  v / e r e  r e s i d e n t  a t  o n e  h o s p i t a l  ( T h e  R oyal Be a t  son )  
a n d  t r a v e l l e d  t o  a n o t h e r  h o s p i t a l  (The W e s t e r n  I n f i r m a r y )  f o r
a u p e r v o l t a g e  t r e a t m e n t *  B e l a y s  f r e q u e n t l y  o c c u r r e d  I n  t r a n s --------
p ort or i n  th erap y  s o  t h a t  t h e  p a t i e n t  on o c c a s io n s  s p e n t  
s e v e r a l  h o u r s  a w a y  f r o m  t h e  b a s e  h o s p i t a l .  A l t h o u g h  th ey  w e r e  
I n s t r u c t e d  t o  b r i n g  th e  w i n c h e s t e r  u s e d  f o r  t h e  c o l l e c t io n  v f i t h  
them o n  e a c h  v i s i t  t o  t h e  t r e a t m e n t  c e n t r e ,  i t  was a s c e r t a i n e d  
b y  t h e  i n v e s t i g a t o r  t h a t  t h i s  w a s  n o t  a l w a y s  done, A  d e s i r e  
n o t  t o  o f f e n d  m u s t  b e  a  p o t e n t  f a c t o r  i n  in d u cin g  a  p a t i e n t  t o  
w i t h h o l d  t h e  i n f o r m a t i o n  t h a t  a  c o l l e c t io n  i s  f a u l t y ,  For a l l  
t h e s e  r e a s o n s , w h i l e  a  2 4 - h o u r  u r i n e  c o l l e c t io n  i s  t h e  i d e a l ,  
i t  i s  n o t  a l w a y s  t h a t  I t  c a n  b e  o b t a i n e d  in  p r a c t i s e , and w o r s e  
s t i l l ,  i t  i s  n o t  a l w a y s  t h a t  t h e  i n v e s t i g a t o r  i s  m a d e  a w a r e  
o f  a n o m a l i e s  i n  t h e  c o l l e c t i o n ,  O a t h e t e r i s a t i o a  w a s  ca r r ie d  
o u t  w h e r e  p erm issio n  w a s  o b t a i n e d ,  b u t  o n  e t h i c a l  g r o u n d s  many 
c l i n i o i a n B  o b j e c t  to  t h i s  p r o c e d u r e  i n  v i e w  o f  t h e  r i s k  o f  
u rin a ry  in f e c t io n  i t  e n t a i l s #  ^
To o v e r  c o m e  t h e  l im i t a t io n s  a t t a c h i n g  t o  m e a s u r e m e n t  o f  
t h e  c o n ce n tra tio n  o f  a  c o n s t i t u e n t  in  t h e  u r i n e  a n d  t h e  d i f f i ­
c u l t y  o f  o b t a i n i n g  c o m p l e t e  2 4 - h o u r  s p e c i m e n s , many i n v e s t i g a t o r s  
h a v e  o h o e â n  t o  e x p r e s s  t h e i r  r é s u l t a  i n  r e l a t i o n  t o  t h e  e x c r e t i o n  
o f  u r i n a r y  e r e a t i n i e ,  w h i c h  i e  l i t t l e  a f f e c t e d  b y  d i e t ,  e x e r c i s e ,
o r  v a r i a t i o n  i n  u r i n e  volume b u t  r e m a i n s  c o n s t a n t  f o r  a  g i v e n  
^  O n l y  d tix ’i n g  r a d i u m  i m p l a n t a t i o n
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I n d i v i d u a l  i n  h e a l t h  and i s  d e t e r m i n e d  c h ie f ly  b y  h i s  m uscle  
m a s s  ( D e t e r s  a n d  T a n  B l y k e ,  1 9 4 6 ) *  I n  c o m p a n y  w i t h  o t h e r  
n i t r o g e n o u s  c o n s t i t u e n t s ,  t h e  e x c r e t i o n  )0f  c r e a t in in e  i e  i n c r e a s e d  
f a l l o w i n g  w hole-hody r a d i a t i o n  ( E a h e r l a n d ,  S o h r e i e r ,  B r u n s ,
A l t m a n  and H e m p e l r a a n ,  1955 $ H olm es , 1 9 5 7  ). T h e  a f f e c t  o f  
lo c a l iz e d  t u m o u r  r a d i a t i o n  u p o n  u r i n a r y  c r e a t i n i n e  o u t p u t  i s  
h o w e v e r  n o t  known, E v e n  i f  i t  w e r e  i n c r e a s e d  i t  m ight he 
e x p e c t e d  t h a t  t h i s  w o u l d  p r o v e  t o  he a n  e f f e c t  o f  g e n e r a l  t i s s u e  
i r r a d i a t i o n  a g a i n s t  w h i c h  a  s p e c i f i c  an ti-tu m ou r e f f e c t  m i g h t  
p r o f i t a b l y  h e  m e a s u r e d .  T h u s ,  i t  w a s  a r g u e d  t h a t  a n  i n c r e a s e d  
e x c r e t i o n  o f  n u c l e a s e s , w h i c h  h a v e  b e e n  s h o w n  t o  h e  p resen t im  
h i g h e r  c o n c e n t r a t i o n  i n  c e r v i c a l  c a r c i n o m a t a  t h a n  i n  t h e  n o r m a l  
t i s s u e *  m i g h t  ta k e  p l a c e  r e la t iv e  t o  th e  e x c r e t i o n  o f  c r e a t i n i n e  
w h i c h  would h e  p r e s e n t  In  m u c h  h i g h e r  c o n e e n t r a t l o n  i n  u t e r i n e  
a n d  p e lv ic  m u s c l e  t i s s u e  t h a n  i n  t h e  c a r c i n o m a ,  I f  t h i s  were 
B O , i t  w o u l d  p r o v i d e  a n  i n d e x  o f  t u m o u r  d i s s o l u t i o n  w h i c h  c o u l d  
t h e n  h e  e v a l u a t e d  a g a i n s t  t h e  a c t u a l  r e s p o n s e  a s  a s s e s s e d  
c l i n i c a l l y  * T w o p o s s ib le  f a l l a c i e s  In t h i s  r e a s o n i n g  m u s t  
h o w e v e r  b e  b o r n e  i n  m i n d .  The f i r s t  i e  t h e  assu m p tion , a n d  
i t  i s  f a r  f r o m  e s t a b l i s h e d ,  t h a t  u r i n a r y  m e l e a s o s  a r e  d e r i v e d  
f r o m  e y a t e  m ' i c  s o u r c e s  b y  r e n a l  f i l t r a t i o n  r a t h e r  t h a n  from  
t h e  l o w e r  r e n a l  t r a c t  i t s e l f #  The s e c o n d  i e  - t h e  p r e m i s e  t h a t  
c r e a t i n i n e  a n d  t h e  n u c l e a s e a  a r e  h a n d l e d  i n  a n  i d e n t i c a l  m a n n e r  
by t h e  r e n a l  e x c r e t o r y  a p p a r a t u s *
R e g a r d i n g  t h e  f i r s t  a s s u m p t i o n ,  a  c o n s i d e r a b l e  a m o u n t  o f  
e l r e u m s t a n t i a l  e v i d e n c e  i s  a v a i l a b l e  i n  t h e  c a s e  o f  r i b o n u e l e a s e s .
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a n d  i t  i a  a l m o s t  c e r t a i n  t h a t  u r i n a r y  a lk .  H N A a s e  a o t i v i t j  i a  
d e r i v e d  i n  s o m e  m e a s u r e  b y  r e n a l  e x o r e t i o n  o f  R M a a e  i n  t h e  
B y s t e P  - .lc  b o d y  f l u i d s  « I n  t h e  f i r s t  p l a c e ,  s e r u m  R N A a s e  
a c t iv i t y  i n o r e a s e s  a f t e r  b i l a t e r a l  n e p h r e c t o m y  i n  t h e  r a t  
( R a b i n o v i t c h  a n d  B o l i i ,  1 9 5 6  ) a n d  h i g h  v a l u e s  a r e  f o u n d  i n  t h e  
s e r u m  o f  uraem ic h u m a n  p a t i e n t s  ( B a b i n o v i t c l i ,  L l b e r m a n  a n d  
Fambo, 1959 1 C o n n e r y  e t  a l  # , 1962 ), E xperim ental e v i d e n c e  
f r o m  w o r k  i n  r a t e  a n d  c l o g s  p o i n t s  to  a  m e c h a n i s m  whereby th e  
e n z y m e  i a  f i l t e r e d  a t  t h e  r e n a l  g l o m o r u l u e  a n d  p a r t i a l l y  r e -  
a b s o r b e d  b y  th e  t u b u l e s  ( E a b i n o v i t o h ,  1 9 5 9  ; P a l i  e t  a l . , 1959% ^  
B o t h  a e i d  a n d  alk# E M a e e s  h a v e  b e e n  i d e n t i f i e d  i n  h u m a n  u r i n e  
( H a k i m ,  1 9 5 9 a ?  1 9 5 9 1 ?  Hakim a n d  P a p p a s ,  1 9 5 9  ) .  M o r e  r e c e n t l y ,  
t w o  e n z y m e s  h a v e  b e e n  p u r if ie d  from h u m a n  u r i n e  b y  D e l a n e y  ( 1 9 6 3 )  I 
o n e  h a s  b e e n  s h o w n  to  r e s e m b l e  p a n c r e a t i c  R M A a e e  a n d  t h e  o t h e r  . 
s p l e n i c  E W A a s e .  I f  both o f  t h e s e  e n z y m e s  r e a c h  t h e  u r i n e  b y  
means o f  f i l t r a t i o n  f r o m  t h e  b lo o d , i t  i s  s u r p r i s i n g  t h a t  d e f i n i t e  
e v i d e n c e  f o r  a n  a e  i d - o p t i m a l  E M A a s e  i n  h u m a n  s e r u m  has not y e t  
b e e n  o b t a i n e d .  A l t h o u g h  a e  i n  t h e  c a s e  o f  s e r u m ,  t h e  i d e n t i t y  
o f  a  s e p a r a t e  E î f A a e e  w i t h  a n  a o ld -o p tim a l pH  i n  normal h u m a n  
u r i n e  w a s  not d e m o n e t r a t e d  c o n c l u s i v e l y  i n  t h e  e a r l y  m e t h o d o ­
l o g i c a l  w o r k ,  i t  w a s  s t i l l  c o n s i d e r e d  worth w h i l e  t o  c a r r y  o u t  
t h e  a s s a y  a t  pH  5 * 6  s o  a s  n o t  t o  m i s s  a  r i s e  i n  t h i s  component 
i f  p r e f e r e n t i a l  r e l e a s e  o f  a c i d  E H A a e e  f r o m  d a m a g e d  t i s s u e s  
h a p p e n e d  t o  t a k e  p l a c e  a s  a  c o n s e q u e n c e  o f  t h e r a p e u t i c  r a d i a t i o n .
O n e  or two c o m m e n t s  a r e  in  o r d e r  r e g a r d i n g  t h e  l e v e l s  o f  
n u c l e a s e  a c t i v i t y  found in  t h e  u r i n e  o f  h u m a n  s u b je c t s  i n  t h e
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c o u r s e  o f  t h e  p r e s e n t  w o r k #  T h e  a c t iv i t y  o f  b o t h  R W A a s e s  w a s  
I n c r e a s e d  i n  u r i n e  c o m p a r e d  w i t h  s e r u m ,  a l k #  E N A a s©  h j  a  f a c t o r  
o f  t h r e e  a n d  a c i d  H l A a s e  by a  f a c t o r  o f  a b o u t  f o u r #  I m  t h e  
on ly  d i r e c t  c o m p a r i s o n  between serum a n d  u r in e  o f  w h i c h  th e  
author i s  a w a r e ,  L e v y  a n d  E o t t i m o  s t a t e d  t h a t  t h e  R I A a s e  a c t i v i t y  
o f  h u m a n  u r i n e  i a  c o n s i d e r a b l y  g r e a t e r  t h a n  t h a t  o f  s e r u m  t h o u g h  
t h e y  d o  n ot r e p o r t  a c t u a l  v a l u e s  f o r  u r i n e  H M a s e  a c t i v i t y  In  
t h e i r  paper ( L e v y  a n d  l o t t i n o ,  1 9 5 9 ) *  E a r l i e r ,  H o u c k  ( 1 9 5 8 4  
h a d  f o u n d  t h e  a c t i v i t y  o f  u r i n e  R W A a se  t o  b e  h i g h e r  t h a n  t h a t  
o f  s e r u m  i n  a  s i n g l e  p a t i e n t  s t u d i e d #  An e v e n  g r e a te r  in c r e a se  
in  DNAase a c t i v i t y  o v e r  t h e  f e r e  l a  found in  serum i s  e v i d e n t  in  
h u m a n  u r i n e ,  t h i s  i n c r e a s e  b ein g  o f  t h e  ord er o f  f i f t y - f o l d  
f o r  DNAase I #  T h e  in c r e a se  i n  DNAase I I  a c t i v i t y  i s  n o t h i n g  
l i k e  BO g r e a t # I n d e e d ,  t h e  d i s p a r i t y  b e t w e e n  th e  t w o  e n z y m e s  
r a i s e s  t h e  p o s s i b i l i t y  t h a t  D N A a s e  I I  a c t i v i t y  o f  u r i n e  a s  
m e a s u r e d  i n  t h e  p r o  s e n t  work r e a l l y  d e r iv e s  f r o m  DNAase I  u n d e r  
u n f a v o u r a b l e  c o n d it io n s  o f  pH  a n d  magnesium c o n c e n t r a t i o n *
H a k i m  ( 1 9 5 9 4  h a s  a l r e a d y  r e p o r t e d  t h a t  t h e  a c t i v i t y  o f  u r in a ry  
D N A a s e  I  g r e a t l y  e x c e e d s  t h a t  o f  D M a e e  I I #  On th e  o th er  h a n d ,  
e n z y m e s  a k i n  t o  D N A a s e  I  a n d  D N A a s e  X I  h a v e  b e e n  p u r i f i e d  from  
h u m a n  u r i n e  by a m m o n iu m  s u l p h a t e  f r a c t i o n a t i o n  ( î C o s z a l k a  e t  a l . ,  
1 9 5 4 ) .  I t  i s  p r o b a b l e  t h a t  D N A a s e  I I  a c t i v i t y  i n  u r i n e  i s  
n o t c a p a b l e  o f  e x p r e s s i o n  u n l e s s  i t  i s  s e p a r a t e d  f r o m  t h e  
s p e c i f i c  in h ib i t o r  i d e n t i f i e d  by K ow lessar e t  al#  ( 1 9 5 7 ) .
T h e  o p i n i o n  o f  t h e  p r e s e n t  a u t h o r  o n  t h e  s t a t u e  o f  u r i n a r y  
D N A a s e s  w i l l  b e c o m e  c l e a r  when t h e  r e s u l t s  o f  t h i s  v J o r k  a r e
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Interpreted,
C o m p a i ^ i e o n  o f  t h e  v a l u e s  o b t a i n e d  i n  th #  g r o u p  o f  carcinom a  
p a t i e n t s  w i t h  t h o s e  f o u n d  i n  a  g r o u p  o f  h e a l t h y  s u b j e c t  a  r e -  
v e a X e d  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  t w o  s e r i e s #
( f a b l e s  84 - î ) .  A l e k s a n d r o w l o s  e t  a l #  ( 1958 ) c l a i m e d  t o  d e t e c t  
e l e v a t e d  l e v e l s  o f  M A a s e  m e a s u r e d  a t  pH  5 * 6  i n  a c e t a t e  b u f f e r  
In  t h e  u r i n e s  o f  p a t i e n t s  w ith  c h r o n i c  g r a n u l o c y t i c  l e u k a e m i a #  
H a k i m  ( 1 9 5 9 )  r e p o r t e d  t h a t  D N A a s e  a c t i v i t y  w a s  i n c r e a s e d  i n  
t h e  u r i n e s  o f  e a r l y  c a n c e r  s u b j e c t s , b u t  l o w  l e v e l s  w a r e  f o u n d  
i n  a d v a n c e d  c a s e s  *
T h e  c o n c e n t r a t i o n  o f  both  R H A a s e a  r o s e  a f t e r  r a d i u m  
i m p l a n t a t i o n ,  s ig n i f i c a n t ly  s o  i n ' t h e  e a s e  o f  a e i d  E N A a s e #
A r e t u r n  t o  b a s e - l i n e  c o n c e n t r a t i o n s  a c c o m p a n i e d  t h e  f i r s t  two 
w e e k s  o f  s u p e r v o l t a ^ g e  t h e r a p y ,  b u t  i n  th e  l a s t  t w o  w e e k s ,  t h e  
o o m o e n t r a t i o n  r o s e  o n c e  a g a i n  t o  s i g n i f i c a n t l y  e l e v a t e d  l e v e l s *
N o  s ig n i f i c a n t  changes w o r e  f o u n d  in  t h e  2 4 - h o u r  o u t p u t  o f  
t h o s e  e n z y m e s ,  b u t  t h e  e x c r e t io n  o f  both r e l a t i v e  t o  t h a t  o f  
c r e a t i n i n e  r o se  B i g n i f i c a n t l y  i n  t h e  l a s t  t w o  w e e k s  o f  th e r a p y .
T h e  m o s t  l i k e l y  e x p l a n a t i o n  f o r  t h e  i n c r e a s e  i n  c o n o e n t i ' a t i o n  
o f  u r i n a r y  B N A a s a a  d u r i n g  t h e  l a s t  two w e e k s  o f  t h e r a p y ,  which  
w a s  accompanied by i n c r e a s e d  e x c r e t io n  r e l a t i v e  t o  c r e a t i n i n e  
o u t p u t  b u t  n o t  r e la t i v e  t o  t h e  t o t a l  24-hour v o l u m e ,  w o u l d  b e  
d e s t r u c t i o n  o f  R M a a e  in h ib i t o r s  i n  t h e  u r i n e  w i t h  no a c t u a l  
i n c r e a s e  i n  enzyme p r o te in *  I t  h a s  a l r e a d y  b e e n  e s t a b l i s h e d  
t h a t  t h e  tumour t i s s u e  d o e s  n o t  l o s e  E H A a a e  d u r i n g  r a d i u m  
i m p l a n t a t i o n *  W h e t h e r  t h i s  e n z y m e  i s  l o s t  f r o m  t h e  tumour
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â u i ^ i i i g  t h e  l a t e r  s t a g e s  o f  a m p e a m r o l t a g e  t h e r a p y  h a s  n o t  h e o B  
G o n e l m s l v e l y  d ecid ed  y W t I t  i e  h i g h l y  u n l ik e ly  i n  v iew  o f  
th e  d ata  ob ta in ed  w i t h  th r e e  su b je o ts  in  w h o ra  t h e  s e c o n d  
i n s e r t i o n  f o l l o w e d  a i i p e r T o l t a g e - t h e r a p y   ^ t h e r e b y  o f f e r i n g  a n  
o p p o r t u n i t y  f o r  a  second b i o p s y  a t t h a t  s t a g e  o f  t r e a t m e n t #
T h e  r e s u l t s  i n  t h e s e  p a t i e n t s  w e r e  i n  l i n e  w i t h  t h o s e  o b t a i n e d  
i n  t h e  r e m a i n i n g  s u b j e c t s ^  t h a t  I s  t o  s a y  a n  i n c r e a s e  i n  t h e  
s p é c i f i é  a c t i v i t y  o f  B iH A aee  w a s  a o o o m p a n i e d  b y  n o  o h  a n g e  i n  t h e  
c o n t e n t  o f  t h e s e  e n s y m e a  i n  t h e  t u m o u r  p e r  g *  ¥ / e t  w e i g h t #  
C o n c l u s i v e  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t w o  d i s t i n c t  H I A a a e s  
c o r r e s p o n d i n g  t o  t h e  p r o p e r t i e s  o f  p a n c r e a t i c  a n d  s p l e n i c  
E M A a s e s  h a s  b e e n  p r e s e n t e d  ( D e l a n e y ,  1 9 6 3 ) « O n  t h e  o t h e r  h a n d ,  
w h i l e  b o t h  E E A a ^ ^ , f o l l o w e d  t h e  s a m e  p a t t e r n  i n  t h e  u r i n e  a s  a  
c o n s e q u e n c e  o f  r a d i o t h e r a p y ,  t h o s e  E M A a se  i n h i b i t o r s  w h i c h  h a v e  
b e e n  c h a r a c t e r i s e d  i n  m a m m a l i a n  t i s s u e s  s e e m  t o  b e  s p e c i f i c  
f o r  a l k .  HW Aas@ o I f  d e s t r u c t i o n  o f  i n h i b i t o r s  i e  t h e  r e a s o n  
f o r  t h e  c h a n g e s  o b s e r v e d ,  t h e n  t h e r e  m u s t  b e  a  d i f f e r e n t  t y p e  
o f  i n h i b i t o r  i n  h u m a n  u r i n e  w h i c h  i n a c t i v a t e  a  b o t h  e n z y m e s ,  o r  
t h e r e  m u s t  b e  a  s e p a r a t e  i n h i b i t o r  f o r  e a c h #  I t  h a s  b e e n  f u l l y  
e s t a b l i s h e d  th a t  E M a s e  i n h i b i t o r s  a r e  f a i r l y  l a b i l e  compounds 
( B o t h  e t  a l . ,  1958^ ; Shortman, 1 9 6 1  ; B o t h ,  1 9 6 2  )* a n d  t h e i r  
d e s tr u c t io n  b y  r a d ia t io n  i s  v e r y  l i k e l y .  O n  t h e  o t h e r  hand, 
i n  v i e w  o f  t h e  t i m e  i n t e r v a l  i n v o l v e d ,  i t  i s  f e a s i b l e  th a t  t h e  
i n h i b i t o r s  a r e  r e d u c e d  i n  t h e  u r i n e  m o r e  b y  v i r t u e  o f  i n t e r -  
f e r e n e e  w i t h  t h e i r  r e n e w a l  t h a n  a s  a  c o n s e q u e n c e  o f  t h e i r  
p h y s i c a l  d e s tr u c t io n .
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In  a  g e n e r a l way, t h e  c h a n g e s  i n  u r i n a r y  R ï i A a a e s  %how a
resem blance t o  t h o s e  en cou n tered  in  t h e  c a r c i n o m a  i î t k e l f
\fo l lo w in g  r a d ia t io n ,  where th e  c o n c e n t r a t i o n  o f  t h e  
i n  t h e  t i s a u e  w a s  s i g n i f i c a n t l y  r a i s e d  p e r  m g .  p r 6 t e l n \ w h e r a a s
th e  t o t a l  a m o u n t  p e r  g ,  w e t  w e i g h t  w a s  u n a l t e r e d »  ' J i
%  ' I . %
D N A a s e  I I  a c t i v i t y ,  w h i c h  w a s  I n  a n y  e a s e  b o  I q w K i n  t h e
^
u r i n e s  e x a m i n e d  a e  t o  be a b s e n t  e n t ir e ly  in  many I n s t a n b e e ,
i A
S h o w e d  n o  s i g n i f i c a n t  c h a n g e  i n  a n y  r e s p e c t .  B u t  D l iA a s ^  I
o u t p u t  p e r  24-^hours a n d  p e r  mg. c r e a t i n i n e  w a s  l o w e r e d  d u r i n g
t h e  im p la iia tion  o f  r a d i u m .
I t  i s  n o t  a n  e a e v  m a t t e r  t o  i n t e r p r e t  t h e s e  f i n d i œ s o  
I t  i s  n o t  a n  e a s y  m a i; t e r  to  i n t e r p r e t  t h e s e  f i n d i n g s .
O n e
O n e  t h i n g  t h a t  s e e m s  c l e a r  i e  t h a t  t h e  e x c r e t i o n  o f  u r i n a r y  
D N A a s e s  h a s  n o  c o n n e c t i o n  w h a t e v e r  w i t h  t h e  corresp on d in g
e n z y m e s  i n  t h e  t u m o u r  t i s s u e #  In  th e  t u m o u r ,  th e  l e v e l  o f  
D N A a s e  I I  i s  1 0  t im e s e th a t  o f  D N A a s e  I ,  w hereas i n  th e  u r i n e  
t h e  l e v e l  o f  D N A a s e  I I  i s  l e s s  t h a n  o n e - - t w e n t i e t h  t h a t  o f  
D N A a s e  I» T h e  r e d u c e d  o u t p u t  o f  u r i n a r y  D N A a s e  I  d u r i n g  
r a d i u m  i m p l a n t a t i o n  w o u l d  a p p e a r  t o  be a  c o n s e q u e n c e  o f  t h r e e  
p o s s i b l e  f a c t o r s .  T h e  f i r s t  c o u l d  b e  a  d i r e c t  d e s tr u c t io n  b y  
r a d i a t i o n  o f  t h e  u x d n a r y  e n s y m e  which may b e  more s e n s i t i v e  t o  
r a d i a t i o n  d a m a g e  t h a n  th e  corresp on d in g t u m o u r  ensym e. T h e  
s e c o n d  cou ld  b e  a n  in c r e a s e  i n  t h e  e x c r e t i o n  o f  D N A a s e  I  
i n h i b i t o r s  f r o m  d a m a g e d  t i s s u e ;  u r i n a r y  D N A a s e s  have b e e n  s h o w n  
t o  e x i s t  i n  t h e  form o f  c o m p l e x e s  w i t h  o t h e r  u r i n a r y  c o n s t i tu e n ts  
t h e r e b y  m a r k i n g  t h e i r  a c t i v i t y  ( H a k i m ,  1959c; 19594  # % i l e  an
i n h i b i t o r  o f  D N A a s e  X I  in  u r i n e  h a s  b e e n  r e p o r t e d  ( I C o v l l e a s a r
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e t  a lU , 195? ). In  any c a s e ,  b o th  th e s e  p o s s i b i l i t i e s  co u ld  
be t e s t e d  ex p e r im e n ta lly  * The t h i r d  p o s s i b i l i t y  i s  n o t so 
am enable t o  an  e x p e r im e n ta l  approach ; i t  i s  t h a t ,  on th e  u n l ik e ly  
a s su m p tio n  t h a t  u r i n a r y  DNAases a r e  d e r iv e d  from  body t i s s u e s  
and e x c re te d  by th e  k id n e y , th e  c le a ra n c e  o f  th e  ensyme i s  
re d u c e d  by r a d i a t i o n  e i t h e r  a s  a  consequence  o f  a l t e r a t i o n  t o  
th e  p h y slo o '^ eh em ica l p r o p e r t i e s  o f  th e  enzym e, o r  as a  r e s u l t  
o f  m in im al damage to  th e  r e n a l  e x c r e to r y  a p p a ra tu s  in v o lv e d  
e i t h e r  t u b u l a r  or g lo m e ru la r .  Thus, w h ile  th e  o le a ra iio e  o f  
s m a ll  m o le c u le s  au  oh as c r e a t i n i n e  i e  n o t  a f f e c t e d ,  th e  ex­
c r e t i o n  o f  l a r g e  m o le c u le s  such  as p r o te in s  may be im p a ire d .
I t  can  be s a id  t h a t  th e  f a i l u r e  t o  d e m o n s tra te  an  e l e v a t i o n  
o f  serum DNAase I  a c t i v i t y  d u r in g  t h i s  stu d y  i s  a  major 
d i f f i c u l t y  i n  th e  way o f  a c c e p t in g  t h i s  s u g g e s t io n .
O e r t a in ly ,  i t  a p p e a rs  t h a t  th e  e x c r e t io n  o f  RNAasee I s  
n o t  im p a ire d  w h ereas  t h e r e  I s  a  p o s s i b i l i t y  t h a t  i n t e r f e r e n c e  
w ith  r e n a l  e x c r e t io n  o f  DNAase I  m ig h t occur. T here I s  n o th in g  
p a r a d o x ic a l  i n  t h i s  s i t u a t i o n  i n  v iew  o f  th e  d i f f e r e n c e  i n  
m o le c u la r  w e ig h t betw een  th e  two ensym es, p a n c r e a t i c  HHAase 
ha-viîig a  m o le c u la r  w e ig h t o f  a b o u t 1 4 ,000  (S c h m id t, 1955) w h ile  
p a n c r e a t i c  DNAase I  h as a  m o le c u la r  w e ig h t o f  6 1 ,5 6 6  (Oehrmann 
and O kada, 1957 % I t  sh ou ld  a l s o  be m en tio n ed  t h a t  D elaney  
(1963) found  v a lu e s  o f  1 3 ,5 0 0  and 18 ,500  fo r  th e  p a n o r e a t io -  
ty p e  and e p la n ic - ty p e  ENAaees o f  human u r in e  r a s p e o t i v e l y .
I t  has th u s  n o t  b een  p o s s ib le  t o  r e p e a t  th e  work o f  K ow lessar  
e t  a lo  (1953 , 1954) who r e p o r t e d  t h a t  a d m in i s t r a t i o n  o f  350 r
2 5 4 .
and 700 r  r a d i a t i o n  to  r a t s  p roduced  m arked I n e r e a s a s
I n  u r i n a r y  e x c r e t io n  o f  DNAase I  and DNAase I I .  H e ra , a s  w ith  
th e  a e rim  and t i s s u e  s t u d i e s ,  i t  appea3?e th a t  lo c a l i s e d  p e lv i c  
I r r a d ia t io n  i n  th e  human p ro d u c e s  d i f f e r e n t  seq u e la e  from  th o se  
fo l lo w in g  vfhole-hody- i r r a d i a t i o n  i n  th e  r o d e n t, b e s id e s  w hich 
th e  r e l a t i v e  dose a d m in is te re d  i n  th e  a n im a l e x p e r im e n ts  w ould 
f a r  exceed  any dosage p r a c t is e d  th e r a p e u t ic a l ly  i n  man.
d) E f f e c t  o f  I o n is in g  R a d ia t io n  Upon U rinary Deo x y .n u c leo tid e  
E x c r e t io n
The e x c r e t i o n  o f  d eo x y n u o leo tid es  m easured  p r i o r  to  radio«* 
th e ra p y  i n  th e  c a n c e r  s u b j e c t s  d id  n o t d i f f e r  s ig n i f ic a n t ] ^  
from th e  v a lu e s  o b ta in ed  i n  th e  g ro u p  o f  normal s u b j e c t s ,  
a l th o u g h  th e  mean e x c r e t io n  o f  th e  form er g ro u p  vme BomevAiat 
h ig h e r  th a n  t h a t  o f  th e  l a t t e r  (T a b le s  84 and 88 U sing
th e  r e a c t i o n  o f  Btumpf (1 9 4 7 ) , a  w ide range o f  d eo x y m io leo tld e  
e x c r e t i o n  vjas fo u n d  In  th e  u r in e  o f  s u b je c t s  i n  h e a l th  and 
d i s e a s e ,  and th e r e  was no d ia g n o s t i c  u se  to  w hich th e  e stim b io n  
c o u ld  be p u t (K osyakov, B ib ik ova  and M erk in a , 1 962  ).
The e x c r e t io n  o f  d eo x y n u c leo tid es  a s  measured by th e  Btumpf 
r e a c t i o n  h a s  n o t  shown any s i g n i f i c a n t  change fo l lo w in g  rad i* - 
a t i o n  therapy i n  th e  p r e s e n t  s e r i e s  w ith  th e  e x c e p t io n  o f  th e  ; 
o u tp u t  r e l a t i v e  to  c r e a t i n in e  d u r in g  th e  p er io d  o f  rad iu m  
im p la n ta t io n  whlcii i s  s ig n i f i c a n t l y  re d u ced  com pared w ith  th e  
o u tp u t  o c c u r r in g  i n  th e  l a t e r  w eeks o f  th erapy  b u t  not com pared 
w i th  th e  c o n t r o l  p e r io d . T h is  o b s e rv a t io n  i n  i t s e l f  i s  n o t
TABLE % .
O reatlnine O utw t
rra îtacaatroii 1.02
1 s t  I n s e r t i o n  Radium 1
l e t  IR th d ra w a l 1*11
2nd I n s e r t i o n  Radium I#Q7 f
2nd W ith d raw a l 1 .2 0  #
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f o i t r th  Week 0*98
A
TABia go#
B IO R E T IO W  OE C R E A T IN IN E  I N  P A T X IB T S  W IT H  
OiUiOXIOM Â O F O B R T IK  MIHXNU S Ü T B E T O IÆ A 0B
A ll  r é s u l t é  mean o f  10 s u b je c t s  
e x c e p t f o r  th o s e  v fith  a s t e r i s k  
which a re  mean o f  6 s u b je c t s
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o f  g r e a t  I m p o r t a n o e , .  I t  s e e m s  t h a t  d u r i n g  r a d i u m  i m p l a n t a t i o n
s o m e  r e d u c t i o n  o f  t h e  o $ p u t  d o e s  i n  f a c t  o o o u r  a s  s e e n  i n  t h e  
v a l u e s  f o r  t h e  2 4 - * h o n r  o u t p u t  o f  d a o x y n u c l e o t i d e a ,  w h i l e  t h e  
e x c r e t i o n  o f  c r e a t i n i n e  i s  u n a ffe  o te d . T his c o u l d  h e  d u e  t o
r a d i a t i o n  h a v i n g  a  m o r e  p r o n o u n c e d  e f f e c t  u p o n  t h o s e  o a t a h o l l c  
r e a c t i o n s  l e a d i n g  t o  t h e  f o r m a t i o n  o f  c r e a t i n i n e  i n  t i s s u e  t h a n  
u p o n  t h o s e  r e a c t i o n s  l e a d i n g  t o  l i b e r a t i o n  o f  d e o x y n u c l e o t i c l e e ;  
o r  i t  c o u l d  h e  t h a t  whereas e x c r e t i o n  o f  c r e a t in in e  t a k e s  
p l a c e  from t h e  g l o m e r u l i  o n ly  ( P e t e r s  a n d  f a n  O l y k e ) ,  e x c r e t i o n  
o f  d e o x y n u o l e o t i d e a  m ight ta k e  p la ce  from  t h e  t i i M e s  pre-* 
d o m i n a n t l y  or in  a d d i t i o n  t o  g lom eru lar  e x c r e t i o n ,  a n d  tha,t 
tu b u la r  e x c r e t i o n  h u t  m o t  g l o m e r u l a r  e x c r e t i o n  i s  i m p a i r e d  b y  
r a d ia tio n *  I t  m i g h t  h e  o f  I n t e r e s t  t o  s t a t e  t h a t  t h e  d a t a  
f o r  2 4  h o u r  c r e a t in in e  o u t p u t  I n  t h e  s u b je c ts  s h o w e d  rem arkably  
, l i t t l e  c h a n g e  i n  t h e  g r o u p  a s  a  w h o l e ,  a l t h o u g h  i n d i v i d u a l  
v a r ia t io n s  w e r e  en co u n tered , s o m e  o f  w h i c h  w e r e  alm ost c e r t a i n l y  
d u e  t o  e r r a t ic  u r i n e  c o l l e c t i o n s .  T h e  m e a n  v a l u e  f o r  e a c h  
p e r i o d  o f  th erapy i s  p r e s e n t e d  in  T a b l e  g g  a n d  a n a ly s is  o f  
v a r i a n c e  s h o w e d  t h a t  n o n e  o f  t h e  c h a n g e s  o b s e r v e d  a r e  s i g n i f i ­
can t ) a s w o u l d  i n d e e d  b e  e x p e c t e d  from c a s u a l  i n s p e c t i o n  o f  
t h e  d a t a .
O o n c l u a i o n s  R e g a r d i n g  U r i n a r y  O o n s t i t i i e n t s  a n d  R a d i a t i o n  R e s p o n s e
I J n t i J ,  i t  b e c o m e s  j p o s s l b l e  t o  s e p a r a t e  t h o s e  p a t i e n t s
s h o w i n g  a  f a v o u r a b l e  r e s p o n s e  f r o m  t h o s e  w h o  r e s p o n d  p o o r l y
t o  th e r a p e u t ic  r a d i a t i o n  i n  t h e  p r e s e n t  s e r i e s ,  m  e v a l u a t i o n
1 9 4 6
266,
o f  t h e  p r o g n o s t i c  i i s e f u l n e s B  o f  t h e  t e s t s  o a r z ' i e d  o u t  o n  t h i s
c a s e  m a t e r i a l  e a rn  b e  m a d e .  T h e  p r o s p e c t s  f o r  a s s a y  o f  d e o ^  
x j m i o l e o t i d e B  a n d  O T A a e e e  d o  n o t  l o o k  g o o d ,  a n d  w h i l e  i t  m i g h t  
b e  p o s s i b l e  t o  e s t a b l i s h  a  c o r r e l a t i o n  b e t w e e n  r e s p o n s e  t o  
r a d i a t i o n  a n d  e x c r e t i o n  o f  E M a s e s ,  p r o g n o s t i c  c h a n g e s  w o u l d  
r e q u i r e  t o  o o o u r  a t  a n  e e x i l y  s t a g e  o f  t h e r a p y  s u c h  a s  d u r i n g  
t h e  i n s e r t i o n  o f  r a d i u m  i n  o r d e r  t o  p r o v i d e  a n  i n d e x  o f  t h e  
p a t i e n t b  r e s p o n s i v e n e s a  I n  t h e  l i g h t  o f  w h i c h  t h e  r e s t  o f  t h e  
t h e r a p e u t i c  c o u r s e  o a n  b e  r a t i o n a l l y  p l a n n e d ,  B i n o e  d e o ^  
x y c j t i d i n e  l a  q u a n t i t a t i v e l y  t h e  m o s t  i m p o r t a n t  d e o ^ g r l b o a i d e  
i n  r a t  u r i n e  ( B a r l m e k  e t  a l , ,  1 9 5 8  ; R o t h e r h a m  a n d  B o h n e i d e r ,  
I 9 6 0 )  a n d  i s  e x c r e t e d r a d i a t i o n  i n  a m o u n t s  p r o p o r t i o n a l  
t o  t h e  d o s e  a d m i n i s t e r e d  ( P a r l ^ e k ,  I 9 6 0  ), i t  i s  p o s s i b l e  t h a t  
t h i s  e s t i m a t i o n  m i g h t  o f f e r  a  m o r e  s a t l s f a o t o r ^ r  b a s i s  f o r  a  
l a b o r a t o r y  t e s t .  H o w e v e r ,  t h e  a n a l y t i c a l  m e t h o d s  a v a i l a b l e  
a t  p resen t w o u l d  n o t  l e n d  th em se lv es  t o  r o u t i n e  u s e  o n  t h e  s c a l e  
t h a t  w o u l d  b e  r e c i i i i r e d ^  W h i l e  B e r r y  e t  a l .  ( 1 9 6 3 )  h a v e  d e ­
m o n s t r a t e d  i n c r e a s e d  e x c r e t i o n  o f  d e o x y c y t i d i n e  a f t e r  w h o l e -  
b o d y  r a d i a t i o n  i n  t w o  h u m a n  s u b j e c t s ,  t l i e  i m o r e m s e  w a s  v e r y  
t r a n s i t o r y ,  a n d  t h e r e  i s  n o  g u a r a n t e e  t h a t  l o c a l i s e d  p e l v i c  
I r r a d i a t i o n  w o u l d  p r o d u c e  a n y t h i n g  l i k e  t h e  s a m e  r e s p o n s e *  
E x p e r i e n c e  w ith  c y t o lo g ic a l  s m e a r  tech n iq u es  has shown th a t  th e  
e y t o l o g i c a l  r e s p o n s e  t o  r a d i a t i o n  d o e s  n o t  a l w a y s  c o r r e l a t e  
w i t h  th e  c l i n i c a l  r e s p o n s e  (P e in e r  a n d  G arin, 1 9 6 3 )  and w h i l e  
i t  h a s  b e e n  cla im ed  t h a t  h i s  t o  l o g i c a l  exam in ation  o f  post*" 
r a d i a t i o n  b i p e y  s p e c i m e n s  p r o v i d e s  a  r e l i a b l e  i n d i c a t i o n  o f
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t h e  p r o g n o s i s  ( W a l t e r ,  H a r r i s o n ,  G l u o k a m a i i n  a n d  O h e r r y ,  1 9 6 4  % 
a  s i m p l e  l a b o r a t o r y  p r o c e d u r e  s u c h  a s  t h o s e  e m p l o y e d  i n  t h i s  
w o r k  w o u l d  b e  p r e f e r a b l e , both  to  t h e  p a t i e n t  a n d  t o  h e r  
c l i n i c a l  a t t e n d a n t e ;  n o  e f f o r t s  s h o u l d  b e  s p a r e d  i n  c o n t i n u i n g  
t h e  s e a r c h  f o r  s u c h  a  t e s t .
2 6 8 *
I lfE A O E L X IJ B A R  BOO AT IO N  OP IH f iY M lS
T h e  d l a e u s a l o m  o f  t h i s  p o i n t ,  s o  f a r  a s  a d e n o s i n e  d e a m i n a s e  
i s  o o i i c e m e d ,  e a n  h e  b r i e f ,  s i n c e  t h e  a c t i v i t y  o f  t h i s  e n z y m e  
w a s  s t u d i e d  o n l y  i n  th e  s u p e r n a t a n t  f r a c t i o n  o f  t h e  t i s s u e s  
exam ined. I t  h a s  a l r e a d y  b e e n  m a i©  q u i t e  c l e a r  th a t  t h i s  e n z j t a o  
i s  p r i m a s f l y  l o c a t e d  in  t h e  s u p e r n a t a n t  ( B o h n e i i e r  a m i  H o g e h o o m ,  
1952 ;  D e  D iiv e  e t  1 9 6 2 )  a l t h o u g h  i n  s o m e  t i s s u e s  t h e  n u c l e i  
c o n t a i n  s ig n i f i c a n t  a c t i v i t y  ( S t e m  e t  a l # ,  1 9 5 2  ; S t e r n  a n d  
M i r e l c y ,  1 9 6 3  I Jordan e t  a l , ,  1 9 5 9 ) *
T u r n i n g  t o  th e  n u c l e a s e s ,  t h e  s i t u a t i o n  i e  v e r y  much m o r e  
c o m p l e x .  In  a l l  t h e  t i s s u e s  e x a m i n e d  in  t h i s  w o r k ,  t h e  a c t i v i t y  
o f  both E M a s e e  a n d  o f  D N A a s e  I I  w a s  p r e s e n t  p x ^ e d o m i n a n t l y  i n  
t h e  su p e rn a ta n t ,  a l t h o u g h  t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e s e  enaymes 
r e l a t i v e  t o  p r o t e i n  w e r e  o n  t h e  w h o l e  q u ite  s im ila r  i n  a l l  t h r e e  
c y t o p l a s m i c  f r a c t io n s  o f  e a c h  t i s s u e .  D N A a s e  I ,  on t h e  o th e r  
h a n d ,  s h o w e d  a  d i f f e r e n t  d i s t r i b u t i o n ; t h e  p a r t i c l e  f r a c t i o n s  
con ta in ed  a  h i g h e r  p e r c e n t a g e  o f  th e  cy to p la sm ic  a c t i v i t y  t h a n  
w a s  t h e  ease  w i t h  t h e  o th er  n u c le a s e s ,  a n d  t h e  s p e o i f i c  a c t ­
i v i t i e s  o f  t h e s e  f r a c t i o n s  w e r e  h i g h e r  -  in  m a n y  c a se s  v e r y  m u c h  
h i g h e r  -  t h a n  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  su p ern a ta n t.
f u r t h e r  d i e c u e s i o n  o f  t h i s  t o p i c  m i s t  t a k e  a c c o u n t  o f  th e  
e x te n t  to  w h i c h  t h e  R M a s e  a c t i v i t i e s  measured c a n  h e  a e o x û h c d  
t o  t w o  s e p a r a t e  e n s y m e s *  T his q u e s t i o n  has a l r e a d y  b e e n  con­
s id e r e d  f o r  e a c h  o f  th e  organs in  t u r n  i n  a n  e a r l i e r  p a r t  o f
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t h i s  B e o t i o n . ,  w h e n  i t  w a e  c o n c l u d e d  t h a t  t h e r e  was g o o d  e v i d e n c e  
f o r  t w o  d i s t i n c t  e n s y m e s  In t h y r o i d ,  s o m e  ev id en ce  f o r  t h i s  i n  
‘b r e a s t  (  n o tw ith sta n d in g  t h e  f a i l u r e  to  d e m o n s t r a t e  t w o  p e a k s  
o f  a c t i v i t y  w i t h  v a r y i n g  p H  I n  t h e  s u p e r n a t a n t  o f  n o r m a l  b r e a s t .  
P a g e  1 1 0  ) ,  and l i t t l e  e v i d e n c e  i n  t h e  c e r v i x  u t e z ^ i *  A f i n a l  
a n s w e r  to  t h i s  q u e s t i o n  c a n  o n ly  e m e r g e  f r o m  d e t a i l e d  s t u d y  
o f  t h e  p H - a o t i v i t y  c u r v e  o f  e v e r y  f r a c t i o n  i n  e a c h  o f  t h e  o r g a n s  
exam ined. I t  c a n  h o w e v e r  b e  s a i d  t h a t  most o r g a n s  o f  t h e  r a t  
a n d  t h e  m o u s e  h a v e  w e l l - d e f i n e d  a n d  d i s t i n c t  R M a s e  a c t i v i t i e s  
a t  a l k a l i n e  and a t  a c i d ' p H  ( d o  l a m l r a n d e  e t  a l . ,  1 9 5 4  ; d e  
b a m i r a n d e  a n d  A l l a r d ,  1959< ^; l l l e m  e t  a l # ,  1 9 5 9  I l i c h e l  a t  a l # ^  
1 9 6 1  ) .  ' T h e  p r e s e n c e  o f  s i m i l a r l y  d i s t i n c t  H H A a s e s  in  h u m a n  
u r i n e  ( D e l a n e y ,  1 9 6 3 )  a n d  s a l i v a  ( B i e h e l  e t  a l , ,  1 9 6 4 )  s u g g e s t s  
t h a t  t h e s e  m a y  b e  o f  g e n e r a l  o c c u r r e n c e  I n  h u m a n  t i s s u e s ,
T h e  cu rren t f a s h i o n  i n  o y t o e h e m i o a l  e n s y m o l o g y  i n s i s t s  
u p o n  a  u n i q u e  l o c a t i o n  f o r  e a c h  enzyme i n  th e  c e i l .  H e t e r o d o x  
v i e w s  to  th e  c o n t r a r y  a r e  u s u a l l y  d i s m i s s e d  a s  d e r i v i n g  f r o m  
i l l - c o n c e i v e d  o r  p o o r l y  e x e c u t e d  e x p e r i m e n t s  i n  w h i c h  c r o s s  
c o n t a m i n a t i o n  h a s  t a k e n  p la c e .  A g r e a t  d e a l  o f  j u s t i f i c a t i o n  
a t t a c h e s  to  s u c h  c r i t l c i s m ,  s i n c e  i t  i s  o n  t h e  w h o l e  uncommon 
t o  f in d  th a t  t h o s e  concerned in  s u c h  i n v e s t i g a t i o n s  h a v e  b o t h e r e d  
t o  v i s u a l i s e  t h e  u l t r a s t r u c t u r e  o f  t h e i r  p r e p a r a t i o n s  b y  means 
o f  t h e  e l e c t r o n  m i c r o s c o p e  w h i c h  i s  t h e  on ly  a t i s f a c t o r y  a r b i t e r  
in  t h i s  s i t u a t io n .
One o f  t h e  p r i n c i p a l  co n cep ts  w h i c h  h a s  a r is e n  p a r t ly  as
2 7 0 .
a  r e s u l t  on th e  *one ensyme one I ooub* th e o ry  i s  t h a t  o f  th e  
lyeosom ea w ith  w hich th e  name o f  Be Dave i e  m ost prom inently  
a s s o c ia te d  (Be Buve e t  a l « , 1962)» A cco rd in g  to  t h i s ,  c o n c e p t ,  
a  number o f  h y d r o ly t ic  enssymes which in c lu d e s  a c id  R M aae and 
DNAase l ip  a re  c o n f in e d  to  a  g ro u p  o f  s p e c i a l  p a r t i c l e s  w ith  
sed im en ta tio n  p r o p e r t i e s  I n te r m e d ia te  be tw een  th o s e  o f  m ito ­
c h o n d r ia  and m io rosom es. W hile th e  e x is te n c e  o f  th e s e  p a r t i c l e s  
i s  n o t i l l  d o u b t i n  so  f a r  a s  t h e i r  m o rp h o log ica l a p p e a ra n c e s  
are c o n c e rn e d , and w h ile  i n  many t i s s u e s  th e y  can  be shown to  
c o n ta in  very  h ig h  c o n c e n tr a tio n s  o f  h y d ro Ily tlo  enmymes, i t  i s  
by no means c e r t a i n  t h a t  th e  e x i s te n c e  o f  th e s e  enaym cs in  o th e r  
p a r t e  o f  th e  c e l l  can be c o m p le te ly  e x c lu d ed , A more s e r io u s  
c r i t i c i s m  w hich ca n  be l e v e l l e d  a g a in s t  th e  p r o ta g o n i s t s  o f  th e  
ly so so m a l th e o ry  i s  t h a t  th e  m ethods em ployed fr e q u e n t ly  do 
n o t d i s t i n g u i s h  betw een  l a te n c y  o f  an  enzyme and i t s  c o m p art-  
m e n ta l i s a t io n  -  in  o th er  w ords , th e  te o l rn l tu e s  u se d  to  l i b e r a t e  
engsymos from  oy top lasm io  p a r t i c l e s  a r e  i n  many in s t a n c e s  th e  
same as  th o se  neoessaj?y  t o  f r e e  an  ensyme in  th e  su p ern atan t  
o r  th e  m lcrosom es from  an i n h i b i t o r  w ith  w hich  i t  may be Bound# 
Thus one f r e q u e n t ly  r e a d s  o f  c la im s  fo r  th e  ly so so m a l d i s t r i b ­
u t i o n  o f  an enzyme w hich a r e  founded e x c lu s iv e ly  upon th e  f a c t  
t h a t  i t s  a c t i v i t y  in  a  horâogenate i s  i i ie re a a e d  by d e te r g e n t ,  
no r e a l  a t te m p t  h a v in g  b een  mad© t o  i s o l a t e  th e  p o s tu la t e d  
p a r t i c l e B  o r  t o  e s t a b l i s h  th e  ab se n ce  o f  i n h i b i t o r s  i n  th e
p r e p a r a t i o n .  T hese  c r i t i c i s m s  have  been  s t r o n g ly  e x p re s s e d  
i n  a  r e c e n t  re v ie w  {Bevvy and G o n ch ie , 1954)» N e v e r th e le s s
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i t  does a p p e a r  a s  th ough  th e  XyBosoiae h a s  come to  e t a y ,  a l th o u g h  
f u t u r e  wo33k may n e c e a a i t a t e  a  m o d if io a t io i i  o f  c u r r a n t  v iew a 
r e g a r d in g  i t s  p r o p e r t i e s  and d i s t r i b u t i o n .
I t  i s  d i f f i c u l t  to  o b ta in  a  c le a r  p ic tu re  o f th e  d is t r ib u t io n  
o f ElAaaes in  anim al t i s s u e s  because so few in v e s t ig a t o r s  have 
s a t i s f i e d  r i g i d  c r i t e r i a  reg a rd in g  p re p a ra tio n  and exam ination  
o f c e l l  f r a c t i o n s , and so l i t t l e  u n ifo rm ity  in  th e  assay  o f  
ensyme a c t i v i t i e s  h as been Observed# There i s ,  m oreover, reaeon  
to  b e lie v e  th a t  q u ite  marked d if fe re n c e s  occur in  d is t r i b u t io n  
from one t i s s u e  to  another*  In  r a t  l i v e r ,  i t  was rep o r ted  t h a t  
about o f a lk .  and ac id  EHAaae a c t iv i t y  i s  a s s o c ia te d  w ith  
th e  m ito ch o n d ria  (de ïiamirande e t  a l * , 1954 ?^ A lla rd  e t  a l*  @
1957 9 B o th  e t  a l , ,  1957 )* De Diiv© e t  a l * , (1955) p ro d u ced  
e v id e n c e  t h a t  a c id  B M ase o f  r a t  l i v e r  was c o n f in e d  t o  lyaosom ee* 
E e id  and Nodes (1 9 5 9 )  i n t e r p r e t e d  t h e i r  d a ta  a s  i n d i c a t i n g  t h a t  
b o th  a lk *  and a c id  HNAaaes o f  r a t  l i v e r  w ere ly so so m a l, b u t  
s u b s e q u e n tly  d e c id e d  t h a t  s i g n i f i c a n t  m xounts o f  a c id  HBAase 
w ere p r e s e n t  i n  th e  c e l l  sa p  (H eld  and N odes, 1 9 6 3 ) ,  Good 
e v id e n c e  f o r  th e  p re se n c e  o f  ENAaee a c t i v i t y  i n  r a t  l i v e r  
m ierosom es h a s  been  p re s e n te d  (B o th , I 9 6 0 | M o ra ls  and de 
L am iran d e , 1965 )@ w h ile  th e  enayme i e  a l s o  p r é s e n t  i n  g u in e a — 
p ig  l i v e r  m icroaom es ( L e s l i e ,  1 9 5 1 1 M a r tin  e t  a l * , 1963  ),
M ost o f  th e  a c t i v i t y  o f  mouse p a n c re a s  RNAaee a p p e a rs  t o  be 
i n  th e  m io rosom es, w ith  l e s s e r  am ounts i n  th e  s u p e r n a ta n t  and 
th e  zymogen g r a n u le s  (M ckm an and T ru p in , 1958 |  M ekmaii and
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M o r r i l l ,  1959 g M o rr is  and D iekm on, I9 6 0  ). I n  r a t  s p le e n ,
37# o f  a e id  BNAase was fo u n d  i n  th e  m ito c h o n d r ia  and 28# i n  th e  
s u p e r n a ta n t  (B o th  and B io h e l ,  1958  ; l i e h e l  and B o th , X962 ). 
O o n f l io t in g  r e p o r t s  have been  p u b l is h e d  o o n o e rn in g  a e id  HWAaee 
a c t i v i t y  o f  r a t  k id n e y  w hich was d e s o r ih e d  a s  a  s u p e r n a ta n t  
ensyme by two in d e p e n d e n t g ro u p s  (R e id  and B te v e n s , 1958 ; de 
L am lrande and A l l a r d , 1 9 5 #  a l th o u g h  i t  had  e a r l i e r  b een  demon­
s t r a t e d  i n  in t r a o e X lu la r  d r o p le t s  a k in  t o  ly sosom es p r e s e n t  i n  
t i l l s  t i s s u e  (S trau B B , X95.6 I 1957  )» A oid BHAase h a s  b een  
d eB o rib ed  in  Xysoeom;el-Xike p a r t ic X e s  from  r a t  b r a in  (B sau fay  
e t  a l*  5 1 9 5 7 ) b u t i n  g o a t  b r a i n ,  b o th  ENAasee have  been fo u n d  
i n  rib o so m es  ( D a t ta  e t  aX*, 1964 )& An a s s o c i a t i o n  o f  a o id  
E M ase  w ith  ly sosom  e l - l i k e  p a r t i c l e s  h a s  a l s o  been  found i n  r a t  
mammary g la n d  w h ile  a lk *  HHAase was th o u g h t t o  be m ito c h o n d r ia l  
(Greenbaum  e t  a l * , I9 6 0  | S l a t e r ,  1961)* A eid  HNAase h a s  a l s o  
b een  r e p o r te d  in  a s e o e l a t io n  w ith  ly so so m .e i- l ik e  p a r t i o l e s  i n  
r a b b i t  le u c o c y te s  (Oohn and  H ire c h ,  I 9 6 0 ) ,  r a t  i n t e s t in e  (Hsu 
and Ta^ppel, 1964 ) and s k e l e t a l  musoXe o f  s e v e r a l  s p e c ie s  
(Z a lk in  e t  a l * , 1961)*
DNAase I I  h a s  been  l e s s  th o ro u g h ly  s tu d ie d  than  th e  HNAasee 
i n  r e e p e d t  o f  i t s  i n t r a o e l lu X a r  d i s t r i b u t i o n *  I t  h a s  been  
r e p o r te d  t h a t  m oat o f  th e  a c t i v i t y  i s  d iv id e d  betw een  th e  m ito­
chondria  and aupernatant i n  r a t  l i v e r  (de L am irande e t  a l * ,
1954) and r a t  s p le e n  (R oth  and H i l t o n ,  1963 ), G onv incing  
e v id e n c e  f o r  th e  p re se n c e  o f  t h i s  enzyme i n  3; a t  l i v e r  m ito c h o n d r ia  
c a r e f u l l y  p re p a re d  and i d e n t i f i e d  by e l e c t r o n  m icro sco p y  h a s
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b ee n  p u b lis h e d  by Okada and P eaohey , (1957) # On th e  o th e r  h a n d ,
1)0 Duve e t  a l»  , (1955) c o n s id e r  t h a t  i t  i s  r e s t r i c t e d  to  ly a o -  
sem es i n  r a t  l i v e r #  S i g n i f i c a n t  a c t i v i t y  was r e p o r te d  i n  th e  
s u p e r n a ta n t  o f  r a t  k id n ey  (E e id  and S te v e n s , 1958) w hereas 
S t r a u s s  (1956 ; 1957) fo u n d  t h a t  th e  g r e a t e r  p a r t  o f  th e  a c t i v i t y  
i n  t h i s  o rg a n  was p r e s e n t  i n  d r o p l e t s  s i m i l a r  to  lyaosom es* ' ,
The ensyme h a s  b een  r e p o r t e d  i n  a s s o c i a t i o n  w ith  iy sosqm es i n  
r a t  b r a in  (B eau fay  e t  a l#  » 1957) and r a b b i t  le u c o c y te s  (Oohn 
and H ir s c h ,  I9 6 0 )  b u t  t h i s  a s s o c i a t i o n  co u ld  n o t  be d e m o n s tra te d  
i n  r a t  mammary g la n d  (Greeiibaum a t  a l * ,  I 9 6 0 ) .  I n  Lands c h u t s  
a s c i t e s  tum our c e l l s , th e  s p é c i f i é  a c t i v i t y  o f  th e  n u c l e i  i s  
tw ic e  t h a t  o f  th e  p a r t i c l e s  (iC eir and A ird , 1962 )*
D isc u sa io r i o f  th e  r e s u l t s  o b ta in e d  i n  th e  p r e s e n t  work i s  
d i f f i c u l t ,  s in c e  so  many t e c h n i c a l  p rob lem s c o n s p ire d  t o  p re v e n t  
a  c l e a r - c u t  ansvm r t o  many o f  th e  q u e s t io n s  r a is e d #  I t  does  „ 
a p p e a r ,  how ever, a s  th o u g h  r i  bo n u c le a s e s  and DNAase XI a r e  p r e s e n t  
i n  th e  B uparna t^ in t a s  w ell^ a s  i n  th e  p a r t i c l e s  i n  a l l  th e  t i s s u e s  
exam ined# The e v id e n c e  f o r  t h i s  d i s t r i b u t i o n  b e in g  n a t u r a l  
r a t h e r  th a n  a r t i f i c i a l  i s  a k ro n g e e t  i n  th e  th y r o id  w here th e  
p r e p a r a t iv e  c o n d i t io n s  em ployed w ere l e s s  s e v e re  th a n  f o r  b r e a s t  
and cervix@  and w here an o p p o r tu n i ty  was iHsen t o  e a r iy  o u t  
im m ediate  p r e p a r a t i o n  o f  f r e s h  sp ec im en s on s e v e r a l  o c c a s io n s .
The d i s t r i b u t i o n  o f  th e s e  en&ymes h a s  b |a n  c o n s id e re d  in  some 
d e t a i l  f o r  each  t i s s u e  e a r l i e r  i n  t h i s  s e c t io n *  The s m a l l e s t  
number o f  e nay mes r e q u i r e d  t o  a c c o u n t f o r  th e  o b se rv e d  a c t i v i t i e s  
o f  b o th  ENAasea i n  c y to p la s m ic  f r a c t i o n s  o f  human th y r o id  w ould
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be a^ji a c id  B lA aae i n  t h e  au p em a t a n t  , an  a c id  HNAase i n  th e  
lysoeom es or m lorosom ea (o r  b o th ) ,  and an  a lk #  E M ase  i n  m ito ­
c h o n d r ia  -  p ro b a b ly  t h a t  au b -g ro u p  o f  m ltooh on d ria  r e q u i r in g  a  
f a i r l y  h ig h  c e n t r i f u g a l  f i e l d  f o r  com p le te  s e d im e n ta tio n #
V/hile l i t t l e  can he s a id  o f  th e  d is t r ib u t io n  i n  b r e a s t  b e c a u se  
80  few  sam ples w ere fr a c t io n a te d  i n  a  s a t i s f a c t o r y  manner, th e  
BamB p a tte r n  ae  h a s  been d e s o r ih e d  f o r  th e  th y r o id  would f i t  
i n  w ith  th e  d ata  o b ta in e d ,  and w ould in  any c a se  be e x p e c te d  
Im v iew  o f  th e  f a c t  t h a t  th e  e p i th e l iu m  o f  b r e a s t  and th y r o id  
hav e  f u n c t i o n a l  and  m o rp h o lo g ic a l  f e a t u r e s  i n  common*
I n  th e  c e r v ix ,  th e  e v id e n c e  f o r  two d i s t i n c t  H M aees i s  n o t  
v ery  g re a t#  The minimum num ber o f  enzymes r e q u i r e d  i n  t h i s  
t i s s u e  w ould be an a lk #  EHAase d is t r ib u te d  p re d o m in a n tly  i n  th e  
s u p e r n a ta n t  and s u b s id ia r i ly  i n  l i g h t  m itochondria#
O e 'r ta in ly  i n  th e  t h y r o i d ,  and p ro b a b ly  i n  th e  o th e r  two 
o rg a n s  a s  w e l l ,  i t  seem s ae  i f  M A ase I I  i a  lo c a te d  v e ry  la r g e ly  
i n  th e  su pern atan t#  I t  l e  u n lik e lly  th a t  a d so r p tio n  can  a c c o u n t 
f o r  th e  a c t i v i t y  found i n  th e  p a r t i c l e s ,  and m ost p ro b a b ly  some 
o f  th e  enzyme In  a l l  t h r e e  t i s s u e s  i e  p3?esent i n  an o r g a n e l le  
d i s t r i b u t e d  b e tw een  b o th  th e  ^^M itochondrial" and "M icrosom al" 
f r a c t i o n s  I t h i s  cou ld  be a  l i g h t  m ito c h o n d r io n , o r  a  Xysosorae# 
The d is t r ib u t io n  o f  DNAase I  i s  f o r t u n a t e l y  more c l e a r - o u t , 
In  a l l  th r e e  t i s s u e s  exam ined , t h e r e  are good g ro u n d s  f o r  d es­
c r ib in g  t h i s  enzyme a s  p re d o m in a n tly  p a r t i c u l a t e  and a t t r i b u t i n g  
th e  a p p a re n t  s u p e r n a ta n t  a c t i v i t y  measured t o  a )  ru pture o f  
some o f  th e s e  p a r t i c l e s  and b ) th e  s l i g h t  a c t i v i t y  m a n ife s te d
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DNAase I I  u n d er th e  asaay c o n d itio n s  used  fore DNAase I*
The m ost l i k e l y  a l t d  o f  DNAase I  l o c a t i o n  i s  i n  th e  l i g h t  mito* 
e h o n d ria *  T h is  w ould aooord w ith  th e  h ig h  o o n ae n trea tid h  o f  
t h i s  enzyme r e p o r t e d  i n  p u r i f i e d  p rep a ra tio n s  o f  m itoch on d ria  
( G o u t l e r - P l r o t t e  and 0 th ,  1956 ; Bounce e t  a l * , 1957 g \ 
B au d h u in , 1959 )#
THE PUNGTION OP THE E m m E S  STUDIED
B e o a d lj sp ea k in g , th e  o n ly  c e l l u l a r  f u n c t io n  o f  th e se  enzymes 
which can  be exam ined i n  th e  l i g h t  o f  th e  d a ta  o b ta in e d  i n  th e  
c o u rse  o f  t h i s  work i s  c e l l  growth* A d e t a i l e d  account o f  th e  
v iew s h e ld  by o th e r s  who have exam ined t h i s  q u e s t io n  h a s  a l r e a d y  
b een  g iv e n  in  th e  I n t r o d u c t i o n ,  and w i l l  n o t be rep ea ted  h e r e .
I t  i s  s u f f i c i e n t  t o  s t a t e  th a t  a t  th e  p resen t t im e , t h e r e  i s  no 
ag reem en t w h e th e r th e s e  enzymes have an  im p o r ta n t  r o le  t o  p la y  
in  growth and m i t o s i s , or a r e  m a in ly  d eg ra d a tlv e  i n  fu n c t io n .
Bo f a r  as liNAaeee a re  con cern ed , th er e  i s  some c ir c u m s ta n t ia l  
e v id e n c e  i n  fa v o u r  o f  an a n a b o l ic  fu n c t io n  (B rody and There1 1 ,
1957 I la c ie je w e k a -P o ta p e z y k ,  1959 ) and o th e r  r e s u l t s  p o in t in g  
to  a  e a ta b o l io  fu n c t io n  (J e e n e r , 1959a; E irk e t e t  a l» ,  1 9 5 5 ); 
th e  exp erim en ts o f  K e s s le r  and B n g e lb e rg  (1952) can  be i n t e r ­
p r e te d  a s  i n d i c a t i n g  t h a t  E B âasea f u n c t io n  ip 6 o th  ways a t  
d i f f e r e n t  p h a se s  o f  c e l l  l i f e #  Those who fa v o u r  a  r o l e  f o r  
DNAase I I  i n  mammalian c e l l  g ro w th  ( A l l f r e y  and M irsk y , 1952; 
Brody and T h o r e l l ,  1957 $ Brody and B a l l s ,  1958 ; 1959 ;
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B rody e t  a l . , 1959 ? O hew em ont e t  a l * , 1959 I  Gout 1 e r  and 
G o u t i e r - P i r o t t e g  1 9 6 1 1 G outles? and L eo n ard , 1962 |  G o u t le r— 
P l r o t t e  and G oiities^, 1962 ; T u n is  and R e g e lso n , 1963 ), a re  
opposed  by th e  r e s u l t s  o b ta in e d  from  s t u d i e s  on metamo3?phosio  
and em luyon ic  developm ent i n  lo w e r a n im a ls  (B lu m e n th a l, 1957 ; 
Colem an, 1962 ; 1963 t BoloBion, 1964 )# An a s s o c i a t i o n  b e tw een  
DNAase I  and o p tim a l f a n c t lo n  o f  DNA-sy n th  e e l s  In g  enzymes h a s  
been  d e m o n s tra te d  (M an tsav in o s  and G a n e l la k is ,  1959b; B azicar, 
1 9 6 1 ; K e ir  e t  a l # ,  1962  ; K!eiz% 1962  ) and s u p p o r ts  th e  f in d in g s  
o f  th o s e  who olalB i a  r e l a t i o n s h i p  betw een t h i s  enzyme and c e l l  
g row th  ( 2fahn, 1 9 5 9 s  M a e ie je w sk a -P o ta p c z y k , 1 9 5 9  )l o th e r  
w o rk e rs  have b een  u n a b le  to  f i n d  such  a  r e l a t i o n s h i p  (B rody 
and T h o z 'e ll , 1957 ? T u n is  and E o g e leo n , 1963 )• N liile  i t  h a s  
b een  c la im ed  t h a t  a d e n o s in e  deam inase a c t i v i t y  in c r e a s e s  i n  
th e  c h ic k  embryo du3?ing  growbh (G ordon and R o d er, 1953 ) t h i s  
o b s e r v a t io n  co u ld  n o t  be confix^aiecl (Solom on, I9 6 0  ; R is h a r  a t  
a l . , 1962 ).
The f i r s t  p o in t to  be made i s  th a t  th e  benign neoplasm s 
examined in  th e  p re se n t work showed no d if fe re n c e s  fz^om th e  
G orresponding normal t i s s u e  in  r e s p e c t  o f any o f th e  enzymes 
s tu d ie d . Althoiigh i t  I s  no t p o s s ib le  to  be d e f in i te  about 
t h i s ,  i t  i s  p robab le  th a t  t h e i r  r a te  o f g3?owth exceeds th a t  o f 
th e  normal t i s s u e , and on t h i s  assum ption i t  does no t appear 
as though th e se  enzymes a.re d i r e c t ly  invo lved  in  th e  pi^ocess o f
grow th g e r s e   ^ B urpalalngly , an a l to g e th e r  d i f f e r e n t  co n c lu sio n
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i s  re a c h e d  when th e  enzyme l e v e l s  o f  th e  h y p e r p l a s t i c  t i s s u e s  
a r e  c o n s id e r e d # In  b o th  t h y r o to x i c o s i s  and c y s t i c  m a s to p a th y , 
in c r e a s e s  i n  th e  s p e c i f i c  a c t i v i t y  o f a d e n o s in e  doaicdnase and 
DNAase I I  w ere found# I t  i s  t r u e  t h a t  i n  th e  fosrm er, t h i s  
was l a r g e ly  a t t r i h u t a h l e  to  ch an g es  i n  th e  ♦C olloid®  c o n te n t  
o f  th e  o rg an  in  t h i s  c o n d i t io n ,  h u t  i t  -must a l s o  he rem em hered 
t h a t  a l l  th e  s u h je o t s  w ere u n d e r  t r e a tm e n t  a t  th e  tim e th e  
g la n d  was rem oved , so t h a t  i t  m igh t he e x p e c te d  t h a t  many changes 
a s s o c ia te d  w ith  f l o r i d  and u n t r e a te d  t]:*yrot02c ic o s i s  w ould he 
m asked . The mere f a c t  t h a t  th e  o th e r  enzymes s tu d ie d  w ere n o t  
s i g n i f i c a n t l y  :eadsed under* th e  same c o n d i t io n s  aicgues f o r  th e  
f a c t  tlia/b th o s e  two enzym es have  a  x*ole i n  th e  c o l l t i l a r  h y p e r­
p la s ia .  o f  th e  t h y r o id  g la n d  in  t h y r o t o x i c o s i s # Once a g a in ,  
i t  l e  l i k e l y  t h a t  th e  r a t e  o f  c e l l  d iv i s io n  i s  h ig h e r  i n  th e  
h y p e r p l a s t i c  t i s s u e s  th a n  In  th e  n o rm a l. The p r e s e n t  i n v e s t ­
i g a t i o n  h a s  th u s  y ie ld e d  a  p a rad o x  w hich ca n n o t be r e s o lv e d  
by th e  d a ta  o b ta in e d #  O le a r ly  mu eh work w i l l  z*equli?e to  be 
clone i n  o rd e r  t o  d e te rra in e  th e  r e l a t i o n s h i p ,  i f  a n y , be tw een  
n u c le a s e s  and a d e n o s in e  deam inase  on th e  one h a n d , and c e l l u l a r  
grovrbh on th e  o th e r ;  b u t  a l r e a d y  i t  i s  a p p a re n t  t h a t  i t  i s  an  
o v e r s i m p l l f i e a t i o n  to  sp eak  o f  ^ c e l l u l a r  grow th* a s  an  a l l -  
em brac ing  te rm . F u tu re  w ork w i l l  r e q u i r e  t o  ta k e  a c c o u n t o f  
d i f f e r e n t  ty p e s  o f  g ro w th , and to  d i s t i n g u i s h  betw een  n a t u r a l ,  
r e g e n e r a t i v e ,  h y p e r p l a s t i c ,  and n e o p la s t i c  p r o l i f é r a t i o n s #
T u rn in g  to  m a lig n a n t  gz*owth, b r i e f  r e f e r e n c e  may be made
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t o  th e  I n t r o d u c t io n  whore an  a c c o u n t was p re s e n te d  o f  th e  
f in d in g s  o f  th o s e  i n v e s t i g a t o r s  who have mea,Burad th e  a c t i v i t i e s  
o f  n u c le a s e s  and a d e n o s in e  deam inase  i n  v a r io u s  "humours # An 
a t to ja p t  v j i l l  he made to  sum u p  th e  m ost r e l e v a n t  o b s e rv a t io n s  
a s  s u e c in c t ly  a s  p o e a ib le »  Some ivo rkers  have r e p o r t e d  
J  in c re a s e d  a c t i v i t y  o f  E M a se s  i n  r a t  l i v e r  tum ours (S ch n e ic ie r 
e t  a l ^ , 1953 ? Wlaver and G reco , 1956 ; A l la r d  e t  a l # , 1957 )? 
some have ad o p te d  an  e q u iv o c a l  posi'üon  (E e id  and LotZg 1958 ; 
lb?ody and B a l l s ,  1958 ; W annamacher e t  a l * , 1962 ; B oth e t  a l # , 
1964 )? o n ly  B ao u st and Amano (1963 ) have s t a t e d  t h a t  HNAase 
a c t i v i t y  i s  re d u c e d  i n  m a lig n a n t n eo p la s ra s . Many r e p o r t s  o f  
in c re a s e d  DNAase IX a c t i v i t y  i n  tum ours have been  p u b lis h e d  
(S c h n e id e r  e t k l * , 1953 ; de Lam irande e t  a l # ,  1954 ? Brody 
e t  a l . , 1959 I Timds and B e g e le o n , 1963 % b u t  D aoust and Amano, 
( 1 9 6 3 ) have r e p o r t e d  th e  o p p o s i te  to  be th e  c§se* T here  I s  
f a i r l y  g e n e r a l  agz^eement t h a t  a d e n o s in e  deamino.so a c t i v i t y  i s  
in c r e a s e d  i n  c a n c e r s ,  (d e  L am irande et&L®, 1953 I Fodor e t  a l # , 
1 9 5 8 1  de L am lrande and A l l a r d ,  1959&; F isilsi and K a s in sk y ,
1961) a lth o u g ii some r e p o r t s  a r e  somewhat more x^eserved and 
n on-oom m ita l (E e id  and Lew in, 1957 , R oth e t  a l . , 1963 )«
E l th  th e  e x c e p t io n  o f  a e id  ENAase o f  thy reo id  and DNAase I  
o f  b r e a s t , th e  s p e c i f i c  a , c t i v i t l e s  o f  a l l  f i v e  enzymes w ere 
h ig h e r  in  th e  c a rc in o m a ta  th a n  in  th e  c o r re s p o n d in g  norm al 
t i s s u e s  i n  th e  p r e s e n t  w o rk # ‘ The s ig n i f ic a n c e s  o f  th e s e  f i n d in g s  
have been  c a r e f u l ^  a,ppx*aised i n  r e l a t i o n  to  th e  h i s t o - p a th o l o  
o f  th e  i n d i v id u a l  o rg a n s  i n  th e  e a r l i e r  p a r t  o f  t h i s  s e c t i o n .
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I t  rem ainB to  e v a lu a te  th e s e  r e s u l t s  In  te rm s  o f  c u r r e n t  con­
c e p ts  r e g a rd in g  th e  b io c h e m is try  o f  caneeir, and t o  c o n s id e r  
w h e th e r th e y  j u s t i f y  a n y / f r e s h  ap p ro ach  to  t h i s  problem #
2 8 0 .
HEIiATI.QHBHIP OF PRESENT WORK TO CURRENT GQHGEPTS
OF GARGINOaEmBIS
I t  would be p resum ptuous to  e x p e c t th e  h a n d fu l  o f  r e s u l t s  
in c o rp o r a te d  i n  t h i s  r e p o r t  t o  shed  f r e s h  l i g h t  on a  prob lem  
w hich as y e t  h a s  n o t y ie ld e d  t o  th o s e  who have d ev o ted  a  l i f e ­
tim e  to  i t s  s tu d y .  On th e  o th e r  h an d , i t  i s  r e l e v a n t  to  con­
s i d e r  what s u p p o r t  th e  p r e s e n t  work le n d s  to  th o s e  h y p o th e se s  
c o n c e rn in g  th e  o r i g in s  o f  n e o p la s ia  w hich command th e  voidest 
r e s p e c t#  Those w hich have a  p r im a r i ly  b io c h e m ic a l background  
in c lu d e  t
a )  The T heory o f  A ero b ic  G ly c o ly s is
The o r i g i n a l  th e o ry  p u t fo rw ard  by W arburg advanced  th e  
s u g g e s t io n  t h a t  c a n c e r  o r i g i n a t e s  a s  a  consequence o f r e s p i r a t o r y  
damage to  th e  c e l l  le a d in g  i n  t u r n  to  in c r e a s e d  g ly c o ly s i s  even  
u n d e r  a e ro b ic  c o n d i t io n s .  The th e o ry  h as  an  h o n o u ra b le  h i s t o r y  
and h a s  been  d e fen d ed  by W arburg w ith  much new e x p e r im e n ta l  d a ta  
s in c e  i t s  i n i t i a l  p ro m u lg a tio n  i n  th e  1930*s (W arburg , 1956a; 
1 9 5 6 b ). V a rio u s  m o d if ic a t io n s  o f  t h i s  th e o ry  have been  p ro p o se d . 
One v iew  w hich e n jo y s  c o n s id e ra b le  su p p o r t  was f i r s t  su g g e s te d  
by W einhouse (1955 ); t h i s  s t r e s s e s  th e  abnorma,Xity o f  th e  
g l y c o l y t i c  p ro c e s s  i t s e l f  i n  tu m o u rs , r a t h e r  th a n  r e g a rd in g  th e  
a b n o rm a lity  a s  sec o n d a ry  to  damage to  th e  c e l l ’ s r e s p i r a t o r y  
a p p a ra tu s  «
b ) The C onvergence Theory (G r e e n s te in ,  1954 )#
The f a c t  t h a t  c a n c e r  c e l l s  d e r iv e d  from  a  m u l t i p l i c i t y
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o f  tlssx ieB  reaem b led  each  o th e r  i n  enzym ic c o m p o s itio n  and w ere 
f r e q u e n t ly  q u i t e  d t e i m i l a r  t o  t h e i r  c e l l  o f  o r i g i n  le d  to  th e  
s u g g e s t io n  t h a t  th e  p a t t e r n  o f  changes n e e e s e a ry  to  p roduce  a  
c a n c e r  r e s u l t e d  i n  a  m e ta b o l ic  convergence  to w a rd s  a  common 
c e l l  ty p e  -  nam ely , ’th e  c a n c e r  c e l l*  -  i r r e s p e c t i v e  o f  th e  
d i r e c t i o n  in  w hich th e s e  changes p roceeded#
e ) The Theory o f  Oat a b o l i e  D e le t io n  ( P o t t e r ,  1956; 1957; 1958)*
In  i t s  o r i g i n a l  fo rm , t h i s  th e o ry  c e n tr e d  upon lo s s  o f  
enzyme sy stem s co n cern ed  w ith  th e  d e g ra d a t io n  o f  n u c le ic  a c id  
p r e c u r s o r s  e s p e c i a l l y  th y m id in e  and i t s  p h o sp h a te  d e r iv a t iv e s #
More r e c e n t l y ,  hovm ver, th e  em phasis  h a s  s h i f t e d  t o  la y  parti*^  
o u la r  s t r e s s  upon  d e l e t i o n  from  th e  c e l l  o f  h y p o th e t i c a l  sy s tem s 
e x e r c i s in g  n e g a t iv e  fe e d b a c k  c o n t r o l  upon  enzymes in v o lv e d  i n  
DMA s y n th e s i s  and c e l l  d i v i s io n  ( P o t t e r ,  1964 )#
These v iew s have b een  c r i t i c a l l y  d is c u s s e d  by B erg e1 
(1 9 6 1 ) , by Do B re to n  and Moule (1961) and by Busch (1962) a s  
w e l l  a s  by many o th e r  d i s t in g u i s h e d  o n c o lo g is t s  to o  nurao3fousn 
to  m ention# They have s t im u la te d  a  g r e a t  d e a l  o f  r e s e a r c h  and 
in s p i r e d  many fu n d a m e n ta l o b s e r v a t io n s  b u t  th e y  hove n o t y e t  
le d  to  a  s o l u t io n  o f  th e  problem #
So f a r  a s  th e  T heory o f  A e ro b ic  G ly c o ly s is  i s  c o n c e rn e d , 
th e  p r e s e n t  f in d in g s  have l i t t l e  o f  r e le v a n c e  t o  a d d , s in c e  no 
s tu d y  was made o f  enzymes o f  th e  g l y c o l y t i c  pathw ay o r  o f  th o s e  
in v o lv e d  in  o x id a t iv e  pathw ays o f  c a rb o h y d ra te  m etabolism #
H ow ever, s c a r c i t y  o f  m ito c h o n d r ia  i n  tum ours i s  f r e q u e n t ly
o i t  eel i n  s u p p o r t  o f  th e  oonoopt o f  a  r e s p i r a t o r y  b lq o k  i n  c a n c e r  
c e l l s # Ho such  d e f ic ie n c y  was found  i n  th e  tum ours s tu d ie d  
i n  th e  p r e s e n t  w ork; in d e e d  i t  i a  p ro b a b le  t h a t  th e y  w ere i n -  
c re a s e d  r e la t iv e  to  th e  w e ig h t o f  th e  t i e s u e  and t h a t  th e y  
form ed a  h ig h e r  p e r c e n ta g e  o f  th e  c y to p la s m ic  p r o t e in  o f  th e  
c a n c e r  c e l l  th a n  o f  th e  norm al c e l l#  A lthough  t e c h n i c a l  d i f f i ­
c u l t i e s  precluded  a  c o n c lu s iv e  answer t o  t h i s  q u e s t io n ,  i t  w ould 
a p p e a r  a s  th o u g h  th e  no rm al human b r e a st  and c e rv ix  a re  d e f i c i e n t  
i n  th e a e  o rg a n e l le s #  L oss o f  m ito c h o n d r ia  c a n :# n ly  ta k e  p la o d  
i f  th e  p a r e n t  c e l l  i a  m i to o h o n d r io ix e ic h , as  i n  th e  case  o f  th e  
l i v e r  0 0 1 1 I and th e  f a c t  t h a t  c e r t a i n  hepatom as a re  d e f i c i e n t  
i n  m ito c h o n d r ia  i s  p ro b a b ly  a  consequence  o f  d e - d i f f o r é n t i a t i o n  
r a t h e r  th a n  a  cau se  o f  th e  m a lig n a n t grow th#
The D e le t io n  H y p o th e s is  h a s  g a in e d  w ide s u p p o r t  from  s t u d i e s  
c a r r i e d  o u t l a r g e ly  w ith  h ep a to m as , w h e th e r in d u ced  by f e e d in g  
cm rc lnogens o r  c u l tu r e d  i n  th e  fo rm  o f  tumour t r a n s p l a n t s ,
Vifhile th e  e x p la n a t io n  i t  o f f e r s  f o r  th e  deve lopm ent o f  m a lig n an cy  
i n  t h i s  c o n te x t  i s  e x tre m e ly  a c t i v e ,  t h e r e  a r e  a s p e c ts  w hich  
can n o t be r e c o n c i l e d  w ith  th e  b i o l o g i c a l  p r o p e r t i e s  o f  o th e r  
tumours # I t  i s  unabll? to  o f f e r  a  c o n v in c in g  e x p la n a t io n  o f  
v i r a l  c a r c in o g e n e s is  i n  w hich th e  g e n e t i c  p o t e n t i a l  o f  th e  
a f f e c t e d  c e l l  i a  su p p lem en ted  r a t h e r  th a n  d im in ish e d  (H ille m a n , 
1 9 6 3 )* A more s e r io u s  s tu m b lin g  b lo c k  m uet be th e  r e c e n t  r e ­
a l i s a t i o n  t h a t  c e r t a i n  ‘kamoura d e r iv e d  from  r a p id ly  g row ing  t i s s u e s  
su ch  as  th o s e  o f  th e  g a s t r o - i n t e s t i n a l  t r a c t  have  a  lo w er r a t e
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e f  DMA s y n th e s i s  and ox m i to s i s  th a n  th e  t i s s u e  from  w hich 
th e y  o r ig in a ,te  (Id p fc in , 1965) * Ones a g a in ,  i t  a p p e a rb  ap 
th o u g h  th e  h ig h  r a t e  o f  m i to s i s  i n  th e  hepatom a c e l l  com pared 
w ith  t h a t  o f  th e  s t a b l e  l i v e r  c e l l  co u ld  he a  f e a t u r e  o f  de­
d i f f e r e n t i a t i o n  le a th e r  th a n  th e  b a s i c  l e s i o n  r e s p o n s ib le  f o r  
i t s  m alignancy*  I t  i s  i n  some ways u n f o r tu n a te  t h a t  so  much 
a t t e n t i o n  h a s  b een  la v is h e d  upon  l i v e r  tu m o u rs . O ccu rren ce  
o f  p rim ary  l i v e r  tum ours i n  man i s  e x tre m e ly  r a r e *  M oreover, 
th e  l i v e r  c e l l  i s  p ro b a b ly  r i c h e r  i n  enzymes th a n  any o th e r  
c e l l  i n  th e  body* I t  i s  t h e r e f o r e  o n ly  t o  be e x p e c te d  t h a t  
such  eha,nges a s  o c c u r  i n  n e o p la s i a  w i l l  l i e  i n  th e  d i r e c t i o n  
o f  d e c re a se d  a c t i v i t y  r a t h e r  th a n  in c r e a s e d  a , c t i v i t y , e x c e p t 
f o r  th o s e  enzymes i n  w hich th e  c e l l  i s  n o rm a lly  d e f i c i e n t .
Enzyme d e l e t i o n  i s  n o t  r e s t r i c t e d  to  n e o p la s i a ,  s in c e  l o s s  o f  
in tx ’a e e l l u l a r  p r o t e i n  in c lu d in g  enzymes i s  a  g e n e r a l  f e a t u r e  
o f  c e l l  damage# The m a jo r i ty  o f  human c a rc in o m a ta  a r i s e  i n  
t i s s u e s  f a r  l e s s  s o p h i s t i c a t e d  th a n  th e  l i v e r  c e l l  and la c k in g  
th e  com plex enzyme appax^atus o f  th e  l a t t e x ^  Where th e  p a r e n t  
c e l l  ty p e  i s  p o o r i n  enzyraes, i t  i s  n o t u n re a s o n a b le  to  suppose  
t h a t  such changes a s  o c c u r  a re  l i k e l y  t o  l i e  i n  th e  d i r e c t i o n  
o f  in c r e a s e d  a o t iv i ty #
C e r t a i n ly ,  th e  p r e s e n t  r e s u l t s  do n o t  s u g g e s t  t h a t  enzym es 
d e g ra d in g  n u c l e i c  a c id s  a r e  l o s t  from  human c a n c e r  c e l l s *  I n  
f aligneB s, i t  m ust be a d m itte d  t h a t  P o t t e r  h a s  n e v e r  c o n s id e re d  
i t  e s s e n t i a l  t o  h i s  th e o r y  t h a t  n u c le a s e s  sh o u ld  be d e l e t e d .
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—  (171) (343) (1167)
n
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%
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SPECIFIC ACTIVITIES OF SUPEmATAMT IN c m c m  /iND THYROIDITIS#
The momi n a t iv i t i e s  f o r  eaoh group p e r mg# p ro te in  a rc  recorded  above, and th e  
a e t i v i t i e s  a s  a  percen tage o f th e  mean f o r  th e  corresponding normal ç^roup a re  
in  b rac k e ts  below#
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s in c e  he was p r im a r ily  concerned v flth  e x p la in in g  th e  a T a i l -  
a b i l i t y  o f  m io le o tid e B  and o th e r  p recu rsors f o r  n u c le ic  a o id  
s y n th e s i s  and p o s tu la t e d  t h a t  th e  pathw ays by which th e s e  w ere 
norm ally  d eg rad ed  became Im p a ire d  w ith  th e  i n i t i a t i o n  o f  n e o -  
plasia<» l o r  d id  he pay much h eed  to  a d e n o s in e  deam inase , ae  
he regarded  x a n th in e  o x id a s e  a s  th e  enzyme, c o n t r o l l i n g  th e  
d eg ra d a tio n  o f  p u r in e  d e r iv a t iv e s , and many r e p o r ts  t e s t i f i e d  
t o  th e  d im in u tio n  o r  even  th e  com ple te  ab sen ce  o f  t h i s  a c t i v i t y  
from  .s e v e ra l  ty p e s  o f  tumour*
f u m in g  t o  th e  G re e n s te in  h y p o th e s is ^  i t  m ust he adm itted  
t h a t  t h i e  i s  l a r g e l y  d e s c r i p t i v e  r a t h e r  th a n  m e c h a n is t ic *  I t  
in fo rm s  u s  th a t  tumours co n v e rg e  to w ard s  a  common, m eta b o lic  
p a t t e r n  w ith o u t  p ro v id in g  a  c l e a r  i n d i c a t i o n  how t h i s  p ro c e s s  
i s  i n i t i a t e d  and w hat fa c to r s  a r e  r e sp o n s ib le  f o r  m a in ta in in g  
i t s  im p e tu s  o % e  r e s u l t s  o f  th e  p rese n t work can , i n  a  v e ry  
g e n e r a l  way^ be shown to  a c c o rd  w ith  th e  id e a  o f  a  p r o g r e s s io n  
to w ard s  a  common c e l l  ty p e*  To b e g in  w ith ^  t h e r e  i s  some 
e v id e n c e  t h a t  th e y  a re  r i c h e r  i n  cy to p la sm ic  p a r t i c l e s  th a n  
t h e i r  c e l l  o f  o r ig in  « S econd ly^  com parison  o f  th e  s p e c i f i c  
a c t i v i t i e s  o f  th e  enzymes s tu d ie d  i n  th e  t h r e e  ty p e s  o f  ca rc in o m a  
r e v e a l  an  in c r e a s e  above th o s e  o f  th e  no rm al tis su e ®  T h is may 
be s e e n  r a t h e r  c l e a r l y  by r e f e r e n c e  t o  T ab le  p  w here th e  
a c t i v i t i e s  a r e  e x p re s s e d  a s  a  p ercen tage o f  th e  s p e c i f i c  
a c t i v i t y  o f  th e  c o r re s p o n d in g  no rm al t i s s u e  * N e i th e r  th e  
b e n ig n  o r  th e  h y p e r p l a s t i c  t i s s u e s  s tu d ie d  approached th e  l e v e l s
2 8 5 *
o f  a c t iv i ty '' found  i n  th e  careinonifita-p a lth o u g h  th e  l a t t e r  
g e n e r a l ly  to o k  u p  a  p o s i t i o n  In te r m e d ia te  betw een  t h a t  o f  th e  
no rm al and th e  eareinom a* The o n ly  l e s i o n  vA ioh showed con*** 
s i s t e n t l y  h ig h e r  a c t i v i t y  th a n  th e  e o rro a p o n d in g  ear^clnoma 
from  th e  same t i s s u e  was t h y r o i d i t i s *  T h is  p o in t  h a s  hden 
em phasised  hy i n c lu s i o n  o f  th e  l a t t e r  a lo n g  w ith  th e  e a rc in o m a ta  
i n  T ab le  p  * The th y r o id  in v o lv e d  i n  H ash im oto*s t h y r o i d i t i s  
i s  p o p u la te d  by th r e e  m ain g ro u p s  o f  c e l l s  -  e p i t h e l i a l ?  s t r o m a l ,  
and lym phoid -  o f  w hich o n ly  th e  l a s t  a r e  a b s e n t  from  th e  no rm al 
g lan d *  I t  i s  l i k e l y  t h a t  th e  h ig h  enzyme l e v e l s  e n e o im te re d  
i n  t h y r o i d i t i s  a r e  due t o  th e s e  p r im i t iv e  and u n d i f f o r e n t i a t e d  
c e l l s ?  and t h a t  th e  s i m i l a r i t y  be tw een  th e  ca rc in o m as and th e  
t h y r o d l t i s  t i s s u e  i s  a  r e f l e c t i o n  o f  th e  p r o g r e s s io n  o f  th e  
fox’mer to w ard s  an  u n d i f f e r e n t i a t e d  s t a t e *
A word o f  c a u t io n  i s  n e c e s s a r y ,  b ecau se  i t  i s  u n l ik e ly  
t h a t  a l l  th e  enzymes e le v a te d  i n  c a rc in o m a ta  r e l e v a n t  t o  
t h i s  p ro c e s s  o f  d e - d i f f e r e n t i a t i o n *  The B M ase I  c o n te n t  o f
n o rm al b r e a s t  and c e rv ix  i s  h ig h e r  th a n  t h a t  o f  th y r o id  c a r ­
cinom a, and th e  a lk *  BHAase a c t i v i t y  o f  no rm al c e r v ix  i s  h ig h e r  
th a n  t h a t  o f  th y r o id  ca rc in o m a ; b u t d i f f e r e n c e s  i n  th e  d eg ree  
o f  d i f f e r e n t i a t i o n  o f  th e  n o rm al t i s s u e s  th e m se lv e s  m ust a t e  
be ta k e n  i n to  a c co u n t#  On o th e r  g ro u n d s , a  c a se  can  be made 
o u t f o r  r e g a r d in g  th e s e  two onsymee a s  i r r e l e v a n t  to  th e  p ro c e s s  
o f  m a lig n a n t n e o p la s ia *  In  t h e  f i r s t  p l a c e ,  th e  ra n g e  o f  H M ase 
a c t i v i t y  among th e  d i f f e r e n t  c a n c e rs  i s  enorm ous, w ith  c e r v i c a l
ca rc rlao m ata  p o e e e a a in g  t e n  t im es  th e  s p e c i f i o  a c t i v i t y  o f  t h e  
o th e r  two m a lig n a n t g ro u p s*  B .eooadly, tum our a b l a t i o n  a c t u a l l y  
r e s u l t e d  i n  an  lu o reaaec l a c t i v i t y  o f  t h i s  enzym e, w h ile  DNAase I  
was h ard ly  a ffe c te d #  th e  o n ly  two t o  show deoreeased a c t i v i t y  
a f t e r  I r r a d i a t i o n  were DHAase I I  and a d e n o s in e  deaminase*
One o f  th e  I n t r i g u i n g  cp iestlon e which te n d s  t o  he f o r g o t t e n  
in  m ost t h e o r i e s  o f  c a r c in o g e n e s is  propounded by h io ch em ists  i s  
th e  m anner in  w hich m a lig n a n t neop lasm s acQ iiire  th e  oa:iiw itj t o  
in v a d e  n e ig h b o u r in g  and d i s t a n t  t i s s u e s .  The co n vergence  o f  
carcinom as tow ards a  p a t t e r n  s h a r in g  c e r t a i n  f e a t u r e s  in  common 
w ith  Haahimoto^B t h y r o i d i t i s  p rom pts an  e x c i t i n g  s p e c u la t io n *
For one o f  th e  o u ts ta n d in g  p r o p e r t i e s  o f  c e l l s  o f  th e  lymphoid  
s e r i e s  and i t  i s  t o  th e s e  t h a t  th e  en aym o lo g ica l c h a r a o t e r i s t i c s  
o f  t h y r o i d i t i s  a r e  a scr ib ed  -  i s  th e  c a p a c i ty  to  invade o th er  
t i s s u e s  i n  th e  body* A dequate r e fe r e n c e  h a s  been made in  th e  
a p p r o p r ia te  s e c t io n s  o f  th e  ^'Introduction^* t o  th e  h ig h  n u c le a s e  
c o n te n t  o f  lym phoid o rg a n s  su c h  ae  s p le e n  and thym us, e s p e c i a l l y  
DNAase I I  from  w hich  s o u rc e s  th e  m ost p o te n t  p rep a ra tio n s  o f  
th e  enzyme have b een  o b ta in e d ,  (IC oernar and B ln sh e im e r, 195ÎO-# 
Shimomura and D askow sk i? 1957 ? ICoezalka e t  a l* ,  1957 |  0th  
and i r e d e r l o q ,  1958 ; Bodes and Sw enson, 1962 ; B e rn a rd i ,  G r i f f e  
and  A p p e lla , 1963 % The q u e s t io n  a r i s e s  w h e th e r  th e  h ig h  con­
t e n t  o f  m to leaseB  shown to  be p r e s e n t  i n  human ca rc in o m as i s  
r e l a t e d  to  t h e i r  c a p a c i ty  f o r  in v a s iv e n e s s *  A g r lq i j  i t  i s  t o  
be e x p e c te d  t h a t  th e  a b i l i t y  t o  d eg rad e  v i t a l  macromol e cu l e s  
su ch  a s  th o s e  o f  p r o t e i n ,  and o f  n u c le i c  a c id s ,  w ould be
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fu n d a m e n ta l r e q u ir e m e n ts  o f  a  c e l l  c a p a b le  o f  in v a d in g  o th e r  
t i s s u e 8# I t  h a s  a l r e a d y  been  shown t h a t  tum ours have a  h ig h  
c o n te n t  o f  p e p t id a s e s  (Wu and B au e r, 1 9 6 3 ), and many r e p o r t s  
t e s t i f y  t o  th e  h ig h  c o n te n t  o f  n a o le a a e a  w hich d e v e lo p  i n  c e l l s  
s u b je c te d  t o  v i r a l  in v a s io n  (W ormser and P a r d e e , 1957 t Korn 
and W eisshaohg 1963 I K e ir  and Gold? 1963 I B u s s e l l  e t  a l # ,  1964)* 
M oreo v er, a  c o r r e l a t i o n  b e tw een  v i r u le n c e  and D M âse a c t i v i t y  
h a s  been  e s t a b l i s h e d  f o r  c e r t a i n  b a c t e r i a  ( la c o h e  e t  a l # , 1963) s 
and im p a irm en t o f  v a r io u s  m e ta b o l ic  f u n c t i o n s ,  e s p e c i a l l y  p r o t e i n  
s y n th e s i s  and o x id a t iv e  p h o s p h o ry la t io n ,  h a s  been  d e m o n s tra te d  
by a d d i t i o n  o f  p a n c r e a t i c  H M ase t o  c e l l s  g row ing  i n  c u l tu r e  
( F i r k e t  a t  a l«  , 1955 ; G ro th , 1956 ; H anson, 195 9 -f l e a n e r ,
1959a; 1959b ; J e e n e r  @t a l # , I9 6 0  )♦ A c u r io u s  f a c t  w hich
a t  px^esent h a s  no e x p la n a t io n  vm uld ta k e  on s i g n i f i c a n c e  i f  
t h i s  a p e o u la t io n  w ere c o r r e c t $ i t  i s  th e  w e l l - n ig h  t o t a l  in** 
a b i l i t y  o f  human c a n c e rs  t o  fo rm  m e t a s t a t i c  d e p o s i t s  i n  th e  
sp le e n #  H ere we have an o rg a n  i n  w hich th e  c e l l s  a r e  endowed 
w ith  a  h ig h  co n ten t o f  n u e le a s e s  and y e t  have a c q u ire d  th e  
a b i l i t y  t o  c o - e x i s t  i n  a  h o m e o s ta t ic  e q u il ib r iu m #  C le a r ly  
o th e r  c e l l s  w ith  h ig h  n u c le a s e  co n ten t w ould n o t  have a  s e l e c t i v e  
ad v a n ta g e  i n  t h i s  m i l i e u ,  w hereas i n  a  m i l ie u  composed o f  c e l l s  
p o o r i n  n u c le a s e s ,  t h i s  c a p a c i ty  would endow them w ith  p ro ­
p e r t i e s  f a v o u ra b le  f o r  in v a s io n #
Cm t h i s  b a s i s ,  we m ig h t v i s u a l i s e  a  s o l i d  tum our a s  one
w hich  h a s  a c q u ir e d  th e  p o t e n t i a l  f o r  In v a s iv e n e ss  common t o  
p r i m i t i v e  u n d i f f e r e n t i a t e d  c e l l e ,  w h ile  r e t a i n i n g  th e
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coJaeaivenesa o f  th e  a p e o ia liB e d  e e l l s  from vA loh th ey  o r ig in a t e ,  
The more m align an t th e  n eo p lasm , th e  n earer  does th e  c e l l  o f  
w hich  i t  i s  composed re se m b le  m o r p h o lo g ica lly  th o s e  o f  th e  
lym phoid  a e r i e s ,  such  t h a t  th e  d is t in c t io n  betw een a  h ig h ly  
a n a p l a s t i c  carcinom a and a  m a lig n a n t lymphoma can s c a r c e ly  be 
made (% 'arren and M e ie sn e r , 1953 )*
W hile i t  i s  n e c e s s a ry  t o  a p o lo g is e  f o r  t h i s  s p e c u la t io n  
i n  v iew  o f  th e  s l e n d e r  b a s i s  on w hich i t  r e s t s ,  no apo lo g y  i s  
n e c e s s a ry  f o r  p le a d in g  th e  im portance o f  m aking a  th o ro u g h  s tu d y  
o f  t h e  b io c h e m ic a l and e n s y m o lo g ic a l f a c t o r s  w hich l i e  a t  th e  
r o o t  o f  m a lig n a n t in v a s io n #  T h is  a s p e c t  h a s  b een  s a d ly  neg ­
l e c t e d  i n  th e  p a st  # One avenue f o r  r e s e a r c h  su g g ested  by th e  
p ^ r e s e n t  work i s  a th o ro u g h  com p ariso n  o f  tum our m etabolism  
w ith  t h a t  o f  c e l l s  d e r iv e d  fro m  th e  lym phoid  s e r i e s , A n o th e r 
i s  a  q u e s t  f o r  th o s e  f a c t o r s  which make th e  s p le e n  an u n p o p u la r  
s i t e  f o r  tumour m e t a s t a s i s ,  w h ile  s i m i l a r  s t r u c t u r e s  such  a s  
lymph nodes a r e  among th e  f i r s t  t o  be invaded* Such s t u d i e s  
m ig h t r e v e a l  th e  t r u e  r o l e  o f  n u c le a s e s  i n  th e  economy o f  th e  
c a n c e r  c e l l*
F in a l ly , i n  v iew  o f  th e  te o h n ic a X  c h a lle n g e  ?/hich h a s  to  
be m et in  con d u ctin g  i n v e s t i g a t i o n s  in  th e  f i e l d  o f  human ca n ce r , 
a t t e n t i o n  sh ou ld  be fo c u se d  upon  th e  im p o rta n c e  o f  ex p an d in g  
th e  s p a r s e  amount o f  work w hich  h a s  been  c a r r ie d  o u t i n  t h i s  
f i e l d .  I n  a  r e c e n t  r e v ie w , D av id son  (1963 ) concluded#  ''No 
one i s  more co n v in ce d  th a n  X am t h a t  th e  s o l u t i o n  t o  th e  p rob lem
P M e
o f  oanoer w i l l  not come a t  t h e  b e d a id e  o f  p a t i e n t s  d y in g  o f  
advanced m a lig n a n t  d is e a s e  * # #, b u t on ly  by th e  s tu d y   ^ # o f
th e  b a s ic  p r i n c i p l e s  o f  why c e l l s  grow  and why th e y  s to p  
growing*'* W hile th e  p r e s e n t  a u th o r  i s  l a r g e l y  sym p ath etic  to  
t h i s  v ie w p o in t , he f e e l s  t h a t  th e  tim e  i s  n ig h  when g r e a t e r  
em phasis  sh o u ld  be l a i d  on th e  p rob lem  o f  in v a s iv e n e s s  r a t h e r  
th a n  o f  grow th , and he r e g a rd e  any  th e o ry  o f  c a ro in o g e n e s ia  
w hich  f a i l s  t o  ta k e  ac c o u n t o f  t h e  o h a r a o t e r i s t i o s  o f  human 
c a n c e rs  as l i k e l y  t o  prove s t e r i l e  in  th e  lo n g  run#  T here  
a r e  many q u e s t io n s  w^hlch we can  a s k  o f  th e  la b o r a to r y  aa iim alf 
b u t  th e  f i n a l  and c r u c ia l  q u e s t io n  can o n ly  be ask ed  o f  man 
h im se lf#  T h ere  may be no harm  i n  s t a t i n g  t h a t  i n  th e  f i e l d  
o f  c a n c e r ,  a s  in  o th e r  r e s e a r c h e s , *'the p ro p e r  s tu d y  o f  m ankind 
i s  man*' (P o p e , 1733)*
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X )  Tim a o t iv i t ie s  o f fou r m oleasea alk& MAase, aoid INAase,
DNAase and BMase 11 wore measured i n  th ree  oytoplaamle
fra c tio n s  prepared by d if fe ra a tia l  cen trifugation  o f horaogjenates 
of th ree  human tis su e s  in  mozmal and diseased s ta te s  i tîiyroid, 
b re a s t, aad cervix u te ri#  The a c tiv ity  of adenosine deaminase 
was measured isi the supemat.ant fra c tio n  o f these same tissues*
2} The a c t iv i t ie s  found in  adenomata of the thyroid  did not d if fe r
s ig n ifican tly  from those i n  the normal gland*
3) In  thyrotoxicosis, the  a c t iv i t ie s  of aoid MAase, o f DNAase 11, 
and o f adenosine deaminase in  the aupomatant v;ore s ig a ifle an tly  
elevated, but no d ifferences could be estab lished  between the 
normal and the toxio  gland when aocoimt vms taken of the BIA — 
phosphorus content of the  tis su e s 4 .I t  i s  probable th a t the 
d ifferences between the supernatant enzyme content of the normal 
and the tox ic  tbyrold  glæid are due to  diminlslied * Colloid* 
storage in  the l a t t e r ,  fhe r a t io  of acid  to  alk* DNAase was 
consisten tly  higher in  the tox ic  gland* fhe sp ec ific  a c tiv i t ie s  
of acid  IllAaso, of DNAase 1@ and of DNAase 11,re la tiv e  to  protein* 
were elevated in  the p a r ticu la te  frac tio n s  o f the tox ic  gland* but 
the relevance o f these changes to  the m derly ing  p a th o lo ^  i s  f a r  
from clear*
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4) Garolmomata o f the t ly ro id  have increaaed a c t iv i t ie s  of alk* lÜAase* 
DNAase 1* DNAase 11, end adenosine deaminase, per tag* p ro te in  in  the 
supernatant* These changes are  not seen when a c tiv ity  i s  re la te d  to  
tis su e  weiglntf i t  i s  probable th a t *Oolloid* depletion I s  a  fa c to r  
contribu ting  towards these changes* Fer u n it weight o f t is su e , the 
amoimt of p ro te in  in  the p a r tic le  frac tio n s  g rea tly  exceeds th a t o f 
the normal gland* This has the e ffe c t of increasing  the a c t iv i t ie s  
of alk* #A ase and of both Mîàeaes in  one o r both o f the p a r tic le  
fra c tio n s  re la tiv e  to  tis su e  weight, and re su lts  in  a  s h if t  in  the 
d is tr ib u tio n  of a l l  four nuoleasos such th a t an. in c ^ a se d  percentage 
o f the to ta l  cytoplasmic a c tiv ity  i s  located  in  the part id le  
fractions*
5) 3h HasM©oto*s t% r o ld l t l s ,  a  dramatic increase in  the a c tiv i ty  o f 
a l l  the enzymes t^^as place in  almost s l l  fra c tio n s  o f the cytoplasm< 
Moreover, a g rea t increase in  the p ro te in  content of the p a r tic le  
fra c tio n s  occurs hand in  hand with a decrease in  the p ro te in  content 
o f the supernatant »: Oonsequently, the d is tr ib u tio n  of the nucleases 
i s  a lte re d , a  h i^ ie r  percentage of the oytoplasixdc a c tiv ity  being
•’ ^located iW-'the p a r tic le  f ra c tio n s . I t  la  suggested th a t these 
changea are  a consequence of changes in  c e ll  population of the 
thyro id  oecuring in  th y ro id it is ,  especially  in f i l t r a t io n  by c e lls  
o f the lymphoid s e r ie s .
6) Fibroadenomata of b reast showed l i t t l e  d ifference from the normal
mbreast in  raapeot o f moXoase a o tlv itie s^  Gemples from cases of 
ey stio  mastopatl^y had s i^ i i f i c a n t l j  higher sp éc ifie  a c t iv i t ie s  of 
DB'Aase 11 and adenosine deaminase im the  supermatmit* Garol^iomata 
of b reast had vaay much l i i ^ e r  lev e ls  of a l l  the eazyraes studied* 
except DNAase 1* than any of the o ther b reast t is su e s  examlmod* 
Moreover, the p a r tic le  frac tio n s  prepared from oarcinomata were 
r ic h e r  Im nucleases than those derived from m ti ^  malignaTit 
samples*
7) The a c t iv i t ie s  o f  a l l  f iv e  enzymea were dram atically ra ised  in  the 
aupem ataat and to  the oytoplasrai.0 p a r tic le s  of cerv ica l 
careiBOBiata* I t  would appear th a t per u n it w e l# t  o f tis su e  the 
cmrotoomata have a  higher p ro te in  content to  the superm taat* and 
even moraso to  the p a rtic u la te  fractions* thmi the nom al t is su e ; 
Nader the conditions of th is  study, a  h i ^ e r  peroentage o f the 
p ro tein  content and the  nuclease a c tiv ity  of the cytoplasm was 
located  in  the p a r tic le  frac tio n s  of the carcinomata;
B) There did not appear to  be any co rre la tion  between the degree o f 
mallgnanoj as assessed c lin ic a lly  and h is to lo g iee lly t and the 
enzyme a c t iv i t ie s  measured* iev erth e lees , stoea the nonacü. and 
the  m aligne# groups of cerv ical specimens could v ir tu a lly  be 
distinguished on the. basis o f th e ir  INAase content, i t  io  suggested 
th a t th is  observation might provide the basis fo r  a d iagaostie  
t e s t  o f ^ lae o o lo g ic a l cancer*
m9) Therapeutic irradiatioB  o f cervical carcinomata brought about a  
pronounced f a l l  in  the protein content o f th© aupematant, 
together with a decrease in  the DNAase 11 and adeneaine deaminase 
o f th is  fraction  per im it o f tissu e . On the other hand, the 
sp éc ifie  a ctiv ity  o f both îllàasos was consistently elevated in  a ll  
fractions a fter  irrad iation , usually to a slgm lficant degree. 
Ohanges in  other particulate enzymes were generally sm all, but 
the increased proteto content of the p articles re la tiv e  to  the 
aapmmatmt a fter irradiation  was accompmiied by a corresponding 
sh ift in  the ^ top lssm ie distribution of the nucleases.
10) By and l& r # ,  th e  s p e c if ic  a c t i v i t i e s  o f  both #% ases and of 
Blâaçe 11 were comparable in  a ll  th re e  cytoplasm ic f r a c t io n s  o f 
a l l  the t i s s u e s  examined. The d is t r ib u t io n  o f  th e  enzymes th u s  
paralleled th e  d ls t r ib u t lo B  of th e  protein, w ith  th e  superna tan t 
co n ta in in g  th e  g re a te r  p a r t  of th e  cytoplasm ic a c t i v i t y .  The 
specific a c t iv i ty  o f DNAase 1 was however g r e a te r  in  mei^ 
t i s s u e s  very  much g re a te r  in  th e  p a r t i c le s  'hhmi i n  th e  
su p o m atan t, a lthough  as  a  r u le ,  more them h a l f  th e  t o t a l  
cytoplasmic a c t iv i t y  was lo c a te d  in  th e  l a t t e r  fra c tio n #  
Maligîximoy invc^riabXy re s u l te d  in  an in c re a se  o f  p a r t io u la te  
p ro te in  and n u clease  a c t iv i ty  r e la t iv e  to  th a t  o f  th e  su p e rn a tan t.
11) I t  would appear from the raaultg o f th is  ?jork that benign 
neoplasia is  not associated ivlth changes In mieleaee content of
2^4
th e  ti-BBue* M aligneiit n e o p la s ia , on th e  o th e r  h m d , i e  aocompanieâ 
by considérab le  iBGreasas in  th e  le v e ls  o f  m o le a se a  and adenosine 
deaminase* H y p erp las tio  growUh would appear to  ocoitpy a  p o s it io n  
midway betvaan normal and m a i l l a n t  p rooesses in  most re s p e c ts , 
and e s p e c ia lly  so  w ith  r'egard to  DNAase 11 and adenosine deaminase, 
between which enzymes a  c o r re la t io n  has been shown to  e x is t  In  th e  
present woxk.
12) Berum- im o le a s e s , measured p r io r  to  th e ra p eu tic  r a d ia t io n  l a  te n  
subjects \7i t h  carcinoma of th e  c e r v ix  u t e r i ,  d id  n o t d i f f e r  
n o ta b ly  from th e  l e v e l s  found i n  a  group o f  te n  h e a lth y  su b jec ts*  
No s ig n if ic a n t  changes were n oted  during rad iothom py*
13) b r in e  xm oleasest measured p r io r  to  th e r a p e u tic  r a d ia t io n  i n  th e  
above te n  subjects d id  not d i f f e r  n o ta b ly  from th e  l e v e l s  found 
in  th e  h e a lth y  s u b je c t s ♦ The c o n cen tra tio n  o f  u r in ary  r ib on u c-  
l e a s e e  per ml# o f  u r in e  ro se  during radlim  im p la n ta tio n , and 
r o se  once more during th e  l a s t  week o f  su p erv o lta g e  therapy*.
D uring th e  l a s t  two weeks of th era p y , an In crea se  in  th e  u r ln a iy  
e x c r e t io n  o f  EM asea r e la t iv e  t o  th a t  o f  c r e a t in in e  took  p lace*
The t o t a l  24^hour e x c r e t io n  o f  M A asea, however? d id  n o t show any 
s ig n i f ic a n t  Changes* Apart from a  red u ctio n  o f  u r in ary  DNAase 1 
e x c r e t io n  p er  24^houre and per mg* c r e a t in in e  during radium  
in s e r t io n ,  no n o ta b le  changes in  u r im :iy  DNAases occurred  during  
th e r a p e u tic  r a d ia t io n  *
m14) The excretion of to ta l  deoaynwleotM ee in  the ten cancer subjects 
p r io r  to  rad ia tion  did not d if fe r  from th a t of the healthy 
subjects# Changes occurring during radiotherapy were not s ign ifie*  
m itly d iffe ren t from the excretion Of dooxynuoleotides in  the pre* 
rad ia tio n  period#
15) Th© excretion of crea tin ine  was unaltered by therapeutic radiation-
16) Ouch changes as occurred during irra d ia tio n  could not be d e f in it­
ive ly  re la ted  to  the success of therapy and to  the extent of the 
c lin ic a l response, th o u ^  i t  i s  hoped th a t continued follow-up 
of the present cas© « m aterial may suggest such a relationship#

Arnme# 31.3). ( # 65)# B rit. mad. J*. ^  10X5.
Adms, m.B.B. (1963) .  Bioeliem.d. ^  532.
Aldrldgge, W.G., Em$eX:mm, B.H. & A m el, V.M. (X9&>), S ad la t. Res. 
âEf # .
âleksaBdrowioZj J .#  Nrbaaeayk, J# , Ostrowska, A. à  Blezko, J .  (1958). 
Blood. I I ,  65a .
àlXmsàf 0 . ,  do Bamlmnde, # . & Oastoro, A. (1953). Oanad. J .  mod* Soi*
a i t  103 .
AXlard, G ., do Bamlrmdo# G# &  O m terq, A, (1957)* Cancer Ho b * 17* 862*
A llen, H .J.B . (1940). Blochom. 0 . J i t  OgS.
A llfrey , V. & ll ir s ly , A.E. (1952). J .  gon. B kysiol. J6 , 227*
todersoB, i3.B. & Heppel, L.A. ( I96O) * Bioc^iim. Mophys* Acta* ü ,  79*
Anftosen, C .B ., A qviat, S .E .0 ., Godke, J .P . & Jonoson, B. (1959)*
J* M o l. Ghem. J J i ,  1110.
AîifiaseB, C.B. & m ite , IKU* (1961). to  The m&moB. v o l. 5, p . 95* Bd by
Boyer, P .B ., II.,  & Myrhadk, E. Hew York; Academic P ress to o .
Aqvtot, S .E .G ., & m ftoecn , O.B. (1959). J* 3)iol. Chom. 234.  1112.
A u^natinc , B.C. (1962) .  Advances in  lihzym. 359*
Aym, II.A. (1965) .  M.Sc. à e a i s .  U niversity of Glasgow.
Baker, B .§. & M itch ell, B.X. ( I 963) .  G astroenterology, Ü ,  291,
Barker, G.H* ê  Cannon, l |.  ( i g # ) . Biooliem. J .  2S.» 8P.
B artos, B. & N zie l, M. (196I ) .  d . M ol. Ghem. .g|6. I 697*
Bau#min, P . (1959) * A rdi. in te r . P i^ a io l. IO6.
Beaufey, II*, BorleuTg A4I. & Doyen, A. (1957)* Blochem. J# 32P.
Bomfay, H ., B endall, B .S ., Bandhuto, B* & Da Dave, 0 . (1959)*
Bioohem. J ,  623*
Bedkingv â  H urst, E.O* ( I 963) # Omiad. J* Siooliem* J l ,  1433*
m o rs , E*F, ( i 960) .  J .  M o l, O te , 8393*
B orgsl, F , (1961)* Oheailstrv o f Enzmes in  Cancer. SpM ngfioldf OMos 
Charles 0* Thomas*
Bergers G. & May, P. ( I 964) ,  O.R. Acad, S c i.,P a r is . 858, IO93 .
Bemardi# G. ( I 964) . Bioohera# M o#ye* Bee* Qmm* I J ,  573*
Bom ardi,, G,,. Champagne, _M* & Sadron, 0 , ( I 96I ) , Blooiiim. Mophys. 
Acta# 49  ^ 1 •
Bernard!@ G riffe? M, & A ppella, 1 , ( I 963) , N ature, Bond. 3g8  ^ 186-
Barnardi,, #* & Badbmn, 0 , (igSl), Mature, Bond. 1 9 1 . 8O9#
Beragy, H.IC. (19&)) # Metabolism. 373*
Bersy? E .K ., Saanger, B .B ., P erry , H ,, Priednan, B .I ., ICereiakes, J .6 . 
& 8 # e e l, 0 , (1963) .  Soionoe. 142, 396.
B ii#am , B.W, â  B ittle , 0.A. ( i g # ) ,  A rdi, Bioohem. m g, 235,
Bishop, G.W. & Davidson, J .I*  (1957), B rit. d . B adiol. JO M .8., 36?,
BliM onthal, G, (1957) * J* febs^ol.- exp. Morphol* 377*
Bcmian, E.G. (1958). Ark. Semi. Ig , 467*
Boman, E.G. ê  E a le tta , H* (1956) # Mature, Bond* 178, 1394*
Homan, E.G. & E a le tta , N* (1957)* BiooMm. Mop%rs. Aota* 619*
Bonham, D.G. (1964) .  frian g le*  g , 157*
Bonham, D.G. & Gibbs, B .f. (1968). B rit, mad* J* 883*
Brady, T* (1942)* Bioohem* d . J 6 , 478*
Brady, T.G. & O’Goimell,. W* (igS g). BiooMm. Mopliya* Aeta* 216* 
B r i^ o n ti, L* & Fa3.ascM, A* ( I 962)* BiooMra. Mopliys. Acta. 376. 
Brody, 8 . (1953)* Aûta Ohea. aoand. %, 721.
Brody, B* (1957) * Biochim* Mopl^ys. Acta* 502.
Brody? 8 , (1958)* Nature? Bond# 162t 1386*
Brody, 8 . & Balls? lUB* (1958), Nature? Bond, 182, g # ,
Brody, S, & B alls , M .l, (1959)* Omioer Bee, 1^» 538*
Brody, B ,, dohmmisom# B» & Thorell? B, (1959)* -Goncor Bes, 1025.
Brody, 8 , & T hom ll, B, (1957)* Bloohim. Mophye# Aota. 579*
Bromi, B ,l, & Todd, A.B, (1955)* to  The Hmolelo Aelde, v o l. 1? p , #9*
Ed, by C liargaff t E , & Davidson, lew  York; Aesdemio Dross to o .
Brown, K.D., Jacobs, Q* & laskOT/aki,- M, (iggE), J ,  Mol* Ohem* M 4t 445*
B rom iliill, T .J* , Jones, A,$# & Etaeoy, M* (1959). - Bioohem. J* 2Â* 434*
Burdon, M.G., Sm ollle, E.M.S. à  Davidem, J* I, ( 1964)* Bioohto* blopbye* 
Aota, 91.» 46*
Busohf E# ( 1962) ,  An to troduotion  to  the Biooheinistrv o f the Cancer.. Cell..' 
lew York; Aeadesaio P ress to o ,
Butler?: J.A .Y, & Robins, A*B* (1962) .  Radlat# le s*  1%, 63.
Cameron, 0.B, & Eusaim, 0 ,A ,I, ( I 965) .  B rit, mod# J ,  1 , 1529#
Cappell, D.F. (1964) .  to  m i r \ e T e x t b o o k . 8th , E d ition , 
Chapter 19, p , 7Bf# lonâom  Edward Arnold ltd#
C arter, G.E, ( I 951) ,  J# Amer, ohem. Boo* 1537.
O e rio ttl, G. (1952)* J* M o l. Gliem, j # ,  297*
OhmpBS^^f Mc00y, T.A, & Kiser# D.B. (1959)* Proo. Boo. e rp . B io l. I.Y , 
102. 102,
Ghepinoga, O.P. & Rukina, B.P. (1955)* 2h. B io l, KMm,, 32,
Oheriy? J.E .y  Hagam,an# H.H. & Hanson, J.B , ( I 962) ,  R ad iat, Res. 1%, 74O,
OhilsoB# O.P. & F isher, J .R . ( I 963) ,  Arch, Bioohem. 102, 77 . '
Ghevromont# M,? Ghovremont-OoMiaire ? S* & Baeokeland? B* (1959).
Arch. B iol.? Biege, 811, 833,
Ginader# B. & Pearce? J .l i .  (1956) .  B rit. J .  Bxp, Path. 541,
OodâiEgtoB, à» (1960) .  â e ta  seand# Buppl* 175? P* 31*
OoîiB^  ^#A* '& Hirsoliÿ J#G# (1960) • J* G3^# Mçd* 2.12# 983»
Oolomaa? J*E* ( I 962) .  Develop. Biol* 232*
Golmm# J*H. (1963) .  Bloohim. M o#^8* A©ta. 68? I 41,
Oolter# J .S .î  Wm# J .#  & Ellom^ ÎC*à*0. ( ig ë l) , Gmieer Hes. # *
Oomolly? J .n .y  îîe srlo tt#  B.M. & Gupta# S* (1962 a)* B rit. J .  ea^ . Path*
m , 392.
Gomolîy? J.H .# H orrio tt?  ÏUE* & Gupta, S* (lg62 b ). B rit. J .  e%p. P ath .
41# 462,
Cmmgg# B .J. ê  Oooke# lU (1939) * Bioohem. J .  JJ# 479*
Cooper, B .J ., Trautmaim, M.ïi. â  Makowekl, M. (igg o )# Fxoo. Soo. exp. 
mol. H.¥. jâi* 219*
0Qiû.8on, B.J* â  Btevens, 1 . (1964}* Arch. Biochom. 10%. 336*
Grook, B.M., MatMas, A.P. è  Habin? B.ïl. (19&)). Bioohem. J# 2 .^» 234*
Qvmdn^im^ A. & laekow ski. S* (1953). Bloohim. Mopl)ys* â o ta . 590.
Cimniîighsm, L. (1959)* Ami. B.Y. Aoad. Bol. 788*
Dahrowàka, W., Cooper, B .J . & Baekowi^i, M* (1949)* J# M o l. Qfmï*
m .  991.
D a^a, II.? G attertoa , Ë. & S^omatoi, G. (19&3)* Cancer. P h ilad . 16, 218. 
Daniels? H*, Bcheles, G. & Weâss, J# (1953)# Nature? Bond. 1%1, 1153* 
Damer, j . & Morgan, îl.B . (1963) . BIqcMb. Mophys. âo ta . %6, 652.
Daoust, E. é  àmanOf II. (1963) * Cancer Hes. 131.
B atta , B.K. & C ho#, J .J*  (1963) .  J* Heurochem* 285*
D atta, E.E.ÿ B iattaoha^’a , B. é  Gkosh, J . J .  ( I 964) . J .  Neurochem* 11. 89*
Davidson# J*N# (igÊ û). The lloc^ieMistasy o f Mte Muoleio Acida#
IiOMone Methuen & Oo* Ltd.
DavidsoBf. J.B-* (igSg) * Boot. med. J . g , S |.
Dekker# O .à. (lg % ).  Ammal lev.. Bioohem* 453#
Delaney, R# (1963) .  B iochem ist:^. £#- 438*
Dempsey# B.W# (1955)* 1% The f iy ro id . p . I I 5* Ed. b j IVemer, 8 .0 .
LobcIob? O aseell & Co# L td.
Derriem# Y*# Micliel? li. & lo d io , J . (1948)* Bioohim* Mophys. Aota. g , 454*
Besremc, IT.# Hadja# E. & Frederiaq? 1 . (1952). J . gen. P bysiol. 45*
8i%ppl. p . 93#
MdtmaEj 8.1#, Aroskar# J .P . & Kropf# H.B. (1955). Bioohim. Mophjs* A eta.
m , 539*
Dlokmm# S.E. è  M orrill# G.A, (1959). Ann# B.Y. Aoad# 8 o i. ^ 9  58§.
DioWmig 8 .R ., Morrill? G.A, è  Trupto, E*M* ( i g # ) . J . Mol* Ohem.
m e  169.
Diekmmi# S.R. & Tmpin, E.M* (iggS).  Bioohim. Mophys* Acta. JO? 200. 
DicWma, B.Ei? % ite#  L.H. & Masom# J.O . (1958). Ardi. Bioehom# 2â» 475# 
Dirks©B? li*L. & Deldcer# O.A* ( i g # ) . Biochem. Mophyo, Ses. Gomm. 2 t  147* 
Msoha? i .  (1930) .  Mikroohemie. 4*
Msolie? 2». (1955)# to  fhe Imolelc Acids, v o l. 1 . p. 2B3* Ed# by Ohargaff#
E# è  DavidsOB# J.H . Wen Yorks Academic P ress too*
Diaohe? Z ., Kawasaki, H#§ R othschild, 0#, Danilohohko, A. ê  Sinaser, II.11. 
(1964) .  Arch# Bioehem. 10%$ 209#
Mmup  M. & Wehh, E.G. (1964) .  Ehamiea. Bad* E d itim . Londons Loiipians, 
Greea & Go. Ltd.
Doctor? ?.M. (1963) .  Arch. B lochs* 1Q3* 286.
Dohi? 8.R. & Habinovitehj M. (1957)# Experientia? B asel. I J ,  358.
BoMÿ S.ll.ÿ Terzian, A*, ‘ B rentm l? R#, Fauatô# #.$
Mberman, B* à  BaM novitdi? M# (1959). Amer. J* Plf^eiol* lg6? 924*
Douglass, 0.IÏ-. & Day? D*L. (ig g g ). Prod. 8do. oxp. B io l. I.Y . 616.
IbuglasB, 0 .E ., Fellas# ¥.M.# Moedhasi, I .  & P*L. (19.54)* Fed* Brno*
M , 201.
Douïiee# A.L*# O^Ooniiell, M»P. â  Monty# E .J. (igg?). J ,  Mopbye. bloohem.
Oytal* J.? 649*
A.M.# 0 . & Bolandt, O.M. (1938)# Quart. J .  exp#
P hysio l, &  215.
Daljos? E. & Thompson# E .E.S. (1938). J .  M o l. Ohom. 124* 501.
B© Dmva, 0 . ,  Pressman# S .0 .# Oiasietto# lU# W attienx, E. & AppolmmB, F .
(1955) .  Bioohm. J .  6O4#
Be Dtwoj 0 ., ■ WattiauXf B. â  Baadhttin# P . ( I962) .  Advanoes^iii Bnzyis*
291.
Baety,. D.M.# Ledoux# L. & Ambrose, E .J . (1956). Bioohim. blop% s. Acta, 
528#
moliol# l .J *  (1955) .. Proc. Boo. exp. B io l. N*Y. 88# 155*
E iohel, I I .J . , Oosiger# 1 , & Chemiek# W.B. ( I 964) * Arch. Bioobem* 10%# 197<
Bidhelj H .j.?  Figuema# E.M. - & Gpldenberg? E.K. ( I 96I ) .  Bioohim. biopbys. 
Acta. 11# 216#
B iehel, H .J, & lo th , J .S . (i9 6 0 ). B adiat. Ees. 12, 258.
E iohel, H .J. & Both, J .S , (1962)* J .  c e l l .  B io l. 3& 263*
Bllem, K.A.O., C o lter, J .B , & Kuhn, J .  (1959). N ature, Lond. IjB »^ 984*
m anuel, C.F* & Chaikoff, I .E . (1953)* J* M ol* Ghem. I 67.
Brkama, J .  & Buutarinon, P . (1959)* Acta dhem. so and* I J ,  323*
E rrem , M. (1959). In  The O ell. v o l. 1 , p . 695. Bd. by Braçliot, J  & 
M lrsky, A*l. lew Yorks Academic P ress In c .
Folgelsong P#,  Foigeleon?. M* à  Wood, T#E* (19% )# Soieiioo, ISO» 5 0 2 # 
F e lm r ,  LE* & %rla@ â# (1953)* Qmmm* PMlaà# 16, 166.
W olm tB ln^  1 # I . (%960). J# M o l .  Qhom* 733#
F o insto in , B#îî# & Gmm# F;0# (iggS)# # ,  §02#
F o to s te in , H.N* & lîsïgm? Ü# (lg62)*  Bioolulm# M o p ^ a .  Aota. 56#
F e lla e , W.îL, lesohan , 1*., Bay,. P#L# âB ou g lass, G.D. (lg%  ) ,  B^oe#
8 ao* ©xp# B l0l#  H*?# 2 3 t#
F e l l i g ,  J# â  W iley, G.Ë# (1 9 5 9 ) ,  M » 3 -1 3 .  Aroh# BiooMm#
F o sty , B. â  P a o ie t t i ,  G. ( I 963)# G.E* Aoaâ. S o i# , P a r ia ,  3682#
f i ^ a ,  B# (I9 5 3 ). NaturM ssQüeohaften# 3 9 I .
Fiala? B# (196I). UmB* îM. ©per. 0, 99#
FiaXa? B# â  S la la ,  â .S . (1959)# B rit*  J# Omoer# 136#
F i^ .a?  B. â  feBtoBky, î l .l#  (1 9 6 1 ) .  J .  m at. Ganoor l a s t .  26 , lOgg. ^
FlerSÿ W. & M dller# K.M* (IgSO ). O.Ë# Lab* GcmlmWrg# J l ,  5 0 7 .
F im ëlay, B#, I lo rr le o , B#G#,.MatMa0, â#P*t. EaM n, B.B. ê  Hosb,  G#â#
(1962)# Biüûliem. J# igS#
Wtnkf %, g GXtoe, B.E., îîomieraon, E.B. & B’ink, E.M. (1956). J . Mol# Gliem* 
g g t# 4 2 5 .
Fimls? K*g HcMoraoB, îl*B# & Finîc, B.M. (1931)* Froo# SO0 # oxp# B lol* l . ï .
133*
F iû k , E.g Hoaderoom, E.B. A Fâak, E.M. (1932)# J# M ol* Qhm* 197# 4 4 t .  
F ir l to t ,  H*, OheVTommt-Gomhairog B#, & Ghovremomt, M# (1933)# N ature ,
Bond# 1 0 7 5 #
F W ie r , J.E#g GhÜBQUÿ O.P. & Ohm, B-K# ( I 9 6 2 )# Bioahim* â û ta .
&  371*
F leek , â# & M mro, H.ïî* (1 9 6 2 ) .  Bioohim. Mophyo# A ota. 371.
H e to h o r ,  § . & OMxla, S# (1959)* E ad ia t. Heo* IX, Sgi#
Fodor, P .j# , Temashefaîg, P . A Fomk, O* (1958)* Aroh* BiooMm. 245*
F o lto , 0 . (1914)* J* M ol*  GMm# 1%, 469*
Fredoriog, 1* (1958)# âroh* to t*  Physiol# 66 -^ 435*
Gerdaer, F#f*(1963)* Bloohem# Mophye. Res* Omm* 10, 454#
OaVQSto, F*g B uffa, F* & M&ratol, G* (1959)# 'CEto# ohim* Aota. IgE#
GoWmmm, tl* A"Oteda, B. (195?)# Bioohim. Mophya* â o ta . 2^ , 621*
G ilbert* L*m.., OvereM* f.G* & Wobb, M. ( ig g l) . Bup* Goll Bes. 2 , 349*
Gilhem, P*T* & Khorama, H.G* (1958)* J .  Amer* ohem* Boo* 80* 6212*
Ooraori, G* (194I)*  J* lab# d to #  Mod* 2%, 955#
Gordon, Goaemer, B», Okada,-B.. A llompelmajm, B.H* (1959)*
la â ia t*  Hoe* 10# %5*
Gordon, m*W* & Boder, m# (1953). J# M ol* GMm* 200, 859*
G outior, R* (1959)* Arch* to t ,  Pl%yoiol* I 5*
B* (1961)# PrOgr#
G o a tle r , E#-A G o iitio r-3?iro tte , 1 . (1957)#■ 0*B* Aoad* B e l.,  Parlé*
151. Ifi45*
G o u tier , E* &. 0û u tie r - -P lr ô tte , M* ( I 96I ) .  IW u r e , Load* 192# 371*
Cloutier, E*"& liGommd, A* (1962)* Isp* -Oell Baa* 335*
G outle:^Pirott© , M* & G outier, E* (igSS), Eadlat* Ees* I 6 , ?28* 
G om tles^Plrotto, 1* & 0 th , A* (1956) * Bioohim* Mophya* Act a* 22, 394* 
G outier-Ptootte,, H* ê  fhom iard. A#' {I956)# Bioohim* Mopl^a* Aota*
22, 396*
Greehbaum, A*B., S la t e r ,  T.F# & Wang, B*Y* ( lg 6 0 )*  N atim a, Bond* 1 8 8 , 318*
Graenatotog J*P* (19% )*  B loohem latry o f  Oamoer* 2md*, M itiom * Few Yorka 
Aoadamla Press Ina*
B.*B, (1 9 5 6 )# Bioohim# blopliys* Acta# gY,. 18*
G upta, B. & î t o r i o t t ,  E,M* (19S3)* Arch*- Bioolieai* .101# 88*
Gyorgy, ?*. & R otM er, H& (1927)* moohorn* lg%,, 1% .
EabmEuad, #*&*-, S cM eler, 1C.» Brims, î> , Altman, E .I . ,  & Hempolmarni,
L a #  (1955)# m tu ro , Load# H I?
Aa^ 4,y# Vlla eé s le rs  lî.â*- & Gmalnghcm, L*
HalrJa, A.A. ( ig # )*  Arch# BlooWm* %0, 591# '
Sim, A.A. (1957b ). J* M o l. Ohem# 228, 459#
:#im . A# A# (1959a). Mnu N#%* âouâ# Bel# 630#
5 A*A# (1959b ) . Arch* Bioohom# 390#
A.A# (1 9 5 9 0 ) .  m p .  m a .  S u r# ., B ase l. 1%, 101.
Ilokim, A.A. - (Igggd). 011%*' cMra# Acta* 4% .
Hakim, A.A# & Pappus, J* (1959). O lto. ohlm* A cta. 4  ^ I 84 .
H allinaa, ÿ#, î le c k . A* & M mro, II#N# (1963)# Bioahim. Mophys* Acta*
m , 131.
Hemera-Oastemm, 0 . & Jeen er, B. (1957) . V irology, 197#
Hmsoa, J.B# (1959) .  J# M o l. Ohem# 1303#
'Ifeyclen, CI#A#- & fM edfeerg, F# (if©**-). IW ia t#  Res# 22, 130#.
Ile&ly, J.W# (1 9 6 4 )# J# "leuroohem* 11, llg#.
ïîoa ly , J*W*, BtolXaxv B#, B tooa, M.f* â  Lovino, L* ( 1 0 3 ) .  Aroh. B:l 
lg&, 461.
H easte ll, E#H# & B#%# (1952). Oancer Eos* % 1.
I ls a s te l l , .  M l# ,  E .l#  & G iasb w g , B#. (1 9 5 2 ) .  Om oer Eos*
m , 346#
Ifeppel, ïi*â. & îEXmoo, E.J* (1955)* to  Methoâa la  vol 2 ,
p . 565* '# *  W  Gélôwiok, B.P*. & ICapluBf N#0. New Yerk$ Acaderalo 
088 Inom
Ëepp#, L*A., P.J* & OohoB, S* (I9g6)# Bolmoe* 1 ^ ,  415*
Heppül, lî .â * , O r t iz ,  P»J# & üahoa. S* (1957)* d .  M ol* Cliea# 229^ 6?9*
Heppdig L*â* A la M n o w lte , J*0* (1 9 5 8 )# âm u a l Rev* Bloohem, 2%, êl3* 
llep p el, l î .â .  c% f lh i t f e ld ,  P .B . (1955)* B loohm . J .  1 .
Hoppol, l î .â . ,  W hltfelâ, ? .R . & MarkhoB, R. (1955)* BioeMm. J .  JO , S. 
H lllem m , 1 *H. (1963). to  VlruBea#' F m lêiq  âoM s â  Gmeee p. 580.
UalVeraity o f  Tm aB  H.B.* Aïâeraon H ospital à  Tumor In s t i tu te . 
BaltimorG: Williams à  W ilklue.
Hilmoe, E .J . ( i 960) . J .  M o l. Ohm. |2Ss> ^H7*
M r s ,  O.H.W. ( i 960) .  J .  M o l. Ohem. 2Jg, 625*
H lrs, O .I.W ., moore, 8. A B teiii, W.H. (1953). J .  M o l. Ohem. g # ,  493#
Hirs, Hüora, S. & Steto, Vl.îî. (10O ). J . M ol. Ohem. 235.  633#
Hobom, 0* & P o llu er, N. (1964)# Hoppe-Seylora S . physio l. Ghem.
5 S t  X17 .
HoâeBf, E.E. & li.K* (1962).. Bloshim. M ophys. Acta. ,61;» 612.
Holmes» B.B# (1957) .  â m . Eev. Fuolear O oi. %, 89.
Emxdkf J.O . (195?). Bioohim. Mophyo. Aata. 26, 649.  
îlouok, J.O . (1958a ) . âroh. Bioohm. % |t 3%#
IlouoîCf J.O . (1958b)# J ,  ap ïà . B hysiûl. ,13,» 2?3*
Houçkÿ J.G* A Berman, L.B* (1958). J* upp l. R liyslo l, 1 2 , 4?3* 
îîouofe, J .O . (1959)# â ro h . BioohoBu 8 2 , X35# 
lieu» II. & Tappol» â*Ii. ( I 964) .  J .  oolX. B io l. 2^, 233* 
maùlÿ J .P .  à  E h to iW q r, G# ( I 9 6 4 )* A im a i Eev. Blooliem. Jg ,, 15*
Hmt, JÆ * & m a w #  Re3# ,%2  ^ 703 .
H urst, R#0# à  m m %  D. (I960), Gmad# J .  Bloohem# J 8 , %7$
FfutolilBon, W«0. & MimrOf E$W# ( 1 0 1 ) .  A nalyst. 8 6 , 768#
Irv in e , FW# & M uir, &R# (1 0 3 ) . Quart# J# e^p#. Pfeyeiol* 48» 13.
Jaeobs, B .I#,  W illie , â#T# & Goodburn, #,B# (1 0 3 )#  Nature, Load#
200» 709# ' ^
J a ffa , 1* (1886). #^ Physldl. Ohom# m , 391# • '
Jeemer, B# (1958). Bioohim. Mophys# Acta. g%# 663#
Jeener, S# (Iggga) # Bioohim# Aata. 99#
Jem er, E» (1 9 5 0 ). Bioohim# Moplsys# Aota# 106.
Jeeaer, B#, D upm tilhireeoe, lî. & ?aïiBaaten, G# ( I g # ) .  Bioohem,
Mopfeys# Aota* 4 ^# 606.»
Jokcy>. X* & Toth, B# (1 0 4 ) . Bioehem* hiophÿn. Aota# 181.
Joaee, a.E#l# (1 9 6 5 ) . B rit#  J . Ganoor# 1%, 153#
Jo rd an , W.K., Iferah, 11#, HouoMn, O.B# & Popp, B# (1959)* J* Neùroohem, 
&
Jovaaov io , B# & V#^oina, A# (1959)* BMl* la s t#  lluol# Soi# B oris  
E id r lo h . ^  180- ' '  ^ '
I(ahdco% B#v A îtopp lf Ÿ1#, Albmm, E .G ., M la io k ,. G#, (Emsburg, L . & 
foimg, B# (102)»- Aroh# totem *, led# 110 #. 331*.
Kalokar,. I .E . (1947a);:- J .  M ol* Ohm. 167# M5*
% lekor,. B.m# (1947h)*. J* M p l. C h e m * ^ , W #
G*t#:. (1964) ;  Bioohemiatry# 1702. ,
E a lu itB %  a . ,  Hummei, J .P * , .Eeaaiok», H*-, b a r te r ,. J.R..» B am ott, L.B  ^
& B io rte , 0* (1959).* toll* N«%. Aoeâ* Bai# M , %2#
ICaplan, H.B.# â  Ifeppel, B#A. (1956). J* M o l. Ohm# 222, 9D?*
E* (1965)#. Bo### elim# &#* ImVeBt# $%.
Eele* BLm, (%9g2)* Blqohem# JV 8gj 865.
Eelr# ILM* & ##&» Blookem» 44%
K©i3?5 H*M* & OoM  ^ Bm {1953)^' Bloohlm* %opI%r8# A # a, 72» 863»
I&S&3LG8Ï* 3>»ji. j& GolwaEi* ,3%» 1b3,o3L« (ïküBEi, Jg^ gü,* jü407*
SgkaljlSr* Iwi3, (%<)5T). 3»Boa»z%» :8GLc%3l%5R;# i), 3.42»,
ÏÏBBsû^f -B# ê  ^g<^.be3?g* îf» (X9SS)» BiooMm# Blopl^s* Aota* 7%
I(3LaiBK%2Hk&i* (>» SS. SSüst%%KsEt)3%3(:I%* 2%, !!!&, *?(,.
Eoo&L; .&.I,* &; SroZllGG)* <%* ([l!9!)9),r t?. Ts&OJL. C&KSGI. 2rg2%j 312:12;»
ICcwaliliBi'* I,»SI„ &} 33(%D{3, ]9,jr* 4i%(;HS2), (ÜkKaai*. jEL, 1:52;.
Eoemer^. J*P. & Slmhêlmer# B.L* (1557a)v M ol* Oiwi* Eg8# 1039#
KüBmmf SmtK & B»B# (i95?l>). Biol* Ghom, 228* 1049»
EogEÿ %» 9 tmwÂBÿ M» & S?mdmg II* (19^3)• If. meil. Scl* 1^$ 379#
ICbm» B* & WëlssBaahÿ â* (Ï953)» J» bîol* Ghem» 238# 3390»
ICoj^*üîw,t E*B. g BIMlcova^  ^ M*I* & Morkinsg %E» (1962)» lad» Baâiol»
2 #: 3%t
Ébesdlka* '^ •H*.^ . Falkemkelm@ îi. & Altmaa, K#I. (1957)# BiooMe* MopBys 
âo'fea» 647*
Eos^ellca^ f»H*g Borne# B»# Beblegal# B*# #W m # K#I* (1959)# Biooliis*
33js -tpf*
ICoa^altet ^»B» $' BoWeiei"# %# à  E»l. (19%)» Bloofeiia» biophyo.
âo ta . Ig# 194# -
ICoifaoB^  -Ë»'. (Ï933)*= Oanad» J# mad# Bsl* J l#  437#
Eé#BBBE#ÿ: 0»B*# àltmaiiÿ E.I* & llempelmami^ B»H» (1953)# Blochem»
ïCowXeBsa% Mtmaa# E ,i*  & Eempelmmm# L*H» (1 9 % )# âraà# Bioehem#
6k#
ICoi7lasaa5?9 0*B## it*X* & lîempelmaiîiiÿ Ii»lï» -(1955)* âi?oh* Bieoliem.
J:&1, !555*
O.D. & n m m $  ( i g g ) .  J .  oU m  1325.
Eowle0Bas?ÿ. 0#D#g (%ada, S#^ - & âltman# K*I# (1957)#
jWoh* Blookôïïi# 231*
ICimite# E# (19# )# - J# gem# Pbyaiol# Ig#
KimitBf M# (193% )# J# gem# PliyBlol. 349.
Büiüiits;,;. 2&, (:i<)5()i>),r ,s\» igeüs,» ]Ei%rf3io]i# ;gr%; jSg;;#
B:i32%idLa2s9 Î?#B# Asroib# 97#
I te a io k ^  l . i #  & Q w m m -f  â*Ë# (1953)# % oo# Boa* mm* B iol# E#%# 
jBgi, (BLES#
K\wniokp_ E*B#  ^ Masaây^ B#W# & Ho#smo, â* ( I 96O)# Eâdiat# Eeé# î j»  ^0 *
îCiOTlekf ¥*B*.^  Mbbb^ p B#W# & G* (1938)* âna# îl#Y# Aoal. Sel#
E œ fîlokt E#B#ÿ Masaeyg B#W* 6  Sandem# G* (1 9 5 9 ) .  Eodlat# le s*  11^ 101.
Emmlakÿ W»B# à  1# ( I 9 6 Ê)# E a â ia t .  le s#  17# I 4 0 *
ïte iiic k s  If.B* & Banâeeitiÿ G# ( 1 9 3 9 ) Asîoh# BiooKom* 83# 323#
Ehmlokg Eotea^%. 1 ,1  *.@ 0* & M O f 0*B# (1953)*
a# o lln #  Invest#  193»
W th a »  & .#. ( i 9 6 0 )* t n  m a  î&Gleia AùMm# vol# 3) D# 527# m # %
B# & BavidsoB^ J .# . lew York -^ âaaâealo Bl’obg In c .
Be LeMi^ smâeÿ G* & 0* (1959a). ântï.- H.-Y# Aaad. Soi* 570#
3mmli#nâeg Cl# à  âllasîdÿ. 0. (igggb). Pmo^ M eiv Abboo. Ganco3? Ees# 
I 9 16#
%wia?and0 j  dC) G* & A# (1 9 % ). Gtma&* J# Biocliem. ■
fig!, 35.
I«aml3?anâeg §* d©  ^ A llat'dj 0* #  Gantesog A*- (19’5S). Omoes? Bw* 18^ 952*
G* de^ Alle^âg G»t Ba Gosta, E.G# & Omtero@ A* (1954)#
Solgaoop :|jLCb, :3@1.
## do a Welm^g G* & Omtem# A# (1956)* # 0 r*  J .  PXayslol# 
m , 4»1!3.
jGüüBlEOTRBlEaL; 38. (^ 15)5%)),, J&Eüï* 31,%. dLOGWl,» ÉSoüL. %BL* irî6 ,
tokowskia M. (1961). 'Im fh© B ism m .' vo l. 5^  p. 123* Bl, by Boyos?) P*B*t
E* ê  My3?backj> I t e  Yo$^ & Aoaâemle feaes In s .
& Basîsowelci^ ; II» (1957). M o l. Ghem. 228» 49*
Bawson» d*G. ■(1959)* Obstot# Gynaee. B r i t . %#* 66.  946*
lawsmig J.E*: ( i 960) .  J# O bstet. %aa@o. B rit* B # . 0 .  ^ 305*
lo  Breton# .1 * & Moule# %. (196I ) .  In  She .'fell*  v o l. gp p. 497# by
Braobot# J . & Mrsky# A.B* îfer Yorks Aoaclemlo Vsbbb Ino.
%âom:ÿ. .It*- (IggSa). Aroh# i n t .  Pliyeiol. 134*
boâon^P b* (1936b ) . Bioohim*. Mopbys. io ta . 20# 369.
Bedoisc, Ii.p Baltiia# B* & Vmderhaegho# F . (I956)v Aroh, i n t .  PJbysidl. 
j&k 135»
Ledom# Branâlip 8# & Paepe# J.G . de (1958)# B attle#  bond* iB lo 913* 
badoim# I*.p Galamd# P. & Huart# It. (1962). BiaoMm. Mop%s. Aota.
bedom-g b . f H le r i#  à*# Bosnaneka# B* & Vmiderhaeghe# F. ( I958)*
Arab* in t .  Physiol* 66# 437#
bedon^P li.p  P i lo r i#  à#- & %%âerhae^be# F* (1958a)# âroh. i n t .  Pl^ysiol. 
§Ès> 1^2.
bedom;# P ila ri#  A* #  P# ( I 958b)# Aroh. i n t .  Physiol*
Mÿ- 3.24»
, beâûtmg  ^ b#g H lo ri# . A*.# %ad03?baegh$# f* & BrandXl#- 8 * (1957 )»
]üb3ttae,8;, îjoaâ* :ÜE%), 3kD!>€t,
beâou%# II# #  îaiiâorhaeghe#, F# ( I 956)* Aroh# In t*  P hysio l. 6^# 537*
Ibedbmea# 3:*&# dSWSO)* jr# bflcül* (übGsi* 3ü47()*
Im elia# X» (1961)* Eatiira# bond# I.89# 260.
%B m ia o r#  be Paeq# # fë s ty #  B# & P a o le ttl#  0 . ( 1 9 6 4 )*
,  . . <^2,I%s aosK&, Sksil* 3 :&8g23L8. jgcg)* 3>6()8,t
3àef%üuaEW33sar9 ]&, 6k i3ae3.&(;&i# (IglÿB)* Idjin,» %&;o)be. JgKt,
bevvy# G#A* & Oonoltle# % ( I 964) .  B?oge*. Biophys. 1^# 105.
îîovy# A.Ii» & SotMno# A. (%95o)# 01in* Ghem# €# 43*
Mndbergs tl* {1964)# BiooMm* Mophyo, Acta* # $  237*
Bipldn# 1 # (1965)* Gasteoenterology. ||8# 6l6v
blasg M. & bevar# W.P* (196$)# X, in v e s ti Bemmtol* 529»
b a isë lle#  & G arriar, 1# (1963)# OmeA* J# Bioohem. 41@ %Ê3#
b0?n?y# O.E.# Eoeabrough# E.J*# Farr# A*b, & Em dall# B#J. ( ig g l) . 
ê\m- l)XOl‘» OIiGM. 263*
Imdk^ 3X.ÿ#b.,ék Heloh# 1* ( I 964)* Proa* tmtw Âoo/1» 8ai.$  Wash, 931* 
buihâlg F#J, g BemâerSg Ë, ê  Ashvmrth# G.$* (I960)* Gmioer Bas.
zB), SSfT.
%aok# S rm tani»  E* loM novitoh# 1* ( i 960) , Mature# bond*
,  158*
Mmiiejewskà -  Potaposyk^ W. (1959)* Watau?a# bond* 1 ^ #  557*
laney# B*& # Mùlmmw-? W-,0* & faylor# f*H* ( i 960)* W)-, In v e st, g» 466»
H* & Gomielaklsg (1959^)♦ M ol* OhoB# g34.g 628,
Mantsaviiios# R. & Ë*B. (1959b ) , Gaaoer Eob* |2*- 1239*
B, & P, ( I963)# Bit* J* raâ# Blol* 6# 93*
iWMiem# H* & Smith#. (1% 9), Bieohem* J# 1^# 2%#
MartBi; B*J*g Eh0.#â# S*#, mrlcington# ?♦ è  lioslio# I .  (%g63)*
B&ooîwsia* !§;&$ 3,27.
MatMae# A*P*$ Degvim# â* ê  Sabiii.# B*B* ( I9S4 )* In  Btmiotaro giul M tiv ity  
o f Basmom* |>.. 19* M# by Goodwin# 1**W*§ H arris# J ,I*  & I%%rtloy#
B*S* Mew Yorks Âoaâomlo Press Im *
fetBûda# M* & !3aMiio# Ë* (1 0 3 )*  B sperientla# Basel* 515*
IW or# M*B. & 0reoD#. A.E* (iggë)* J .  m t#  Omeer Ine t*  5D3*
lEaver# 1*B. è  GraoOf A.E. ( 1 0 # *  J* M ol* Gliem* 736.
%ver# II.E* & Grooû# A*E. (1962b), I* nat* Gmeer în st*  28# IO95*
Maver# M.B.# Peterson# E*â*#.Bobor# E.A* ê  Greoo# â*E, (1959) ,
Ann* H*Y, âoad* Soi» 81-. 599#
MüBotelcl# 1.B , (1955), m  Methods in  mismolo^mr. v o l. 2# p , 487*
M , by Oolowiak# B.P. & Ehplmi# Sf*0* Met? York s AoademlG Press Ino ,
m ta isg  P* â  Mandai# P* (1955). W Ll, 80G* GMm* M ol.#  P a rle , W Æ  999*
IligliareBa# J .F . (IggBa)* Abetr# Amer* ohem. Ooo.# Ban feaiioisco# A pril 
3.9;5Eiy I). l l o ,
M igliaroes# J*F , (1958b ), Paoo* Am@r, Asboo* Gamoer IWs, 2 # 327*
Mirolg# A.E. & Ooawa# B. ( Ig ë l) . J%n fho G o#* Vol* 2# p , 677* by
Braohot# J* & EArslgr# A .l. ÎW  York: Aoadamio I&ess Ino*
lo v a is , H. & bem irande, 0* de ( I 965)* Bioohim* Mophys* Acta» 40*
A .J, & Diokmm, S*l* (I960), j#  Mol* Ohem* 235.  1404» 
liv# à.G*, ü s n ti, 0 . è  W illiam s, D* (1 0 4 ) . B rlt* med* J* 15
Bakm tay Y## I t o h ,  1 .  # îM sa ta»  E# & SaîcâjBoto# Y* J*  B loohom #,
iwo*
IW %  mm#K. à  la ae#  B» (1 0 3 )-- J -  coH* B lo l, !
lase#  B, &, lass#  (1 0 3 )*  J* © oil, B lo l, 3g#
lormm# à, & Veomett# E#G. (101), W m tog^m  497*
lovàk# 1,E,- & Wooâm%ff, d",D, (1 0 2 ) , GyneooXoi^iü. and ::€1}B:^atric P a th o lo ^ , 
5 th , M i t io n ,  B liiladelp illas W,B, SauM era 0o,
Oborlingf 0 , & Bamharâ# # , (1 0 1  ) ,  I n -flie  'Gell# vol# g# p ,40g, # ,  by
Braohet# J* è. â ,l*  Ite/ York: Aaaclemio Ina ,
*
Odoll# ïi,B* & Bavt# J,G* (1950) ,  d* Amer* med, Asa,, 14S- 226#
Ükéda# a# & metoha?  ^ G. (102)# E adlat# . Eeo* Ig# 646#
Olcada# B*#'Gordon# B.,E#.#-.Sing# E, & HempalmamiB.b.E,. ( I 9 5 7 ) ,  ktohm 
Bloohm# JO# 469 .
OküâBp B## îteim e# E# ê  Gaasmer-g- B# (1 0 0 ) , Bacliat, Eea, 22# 607,
Okada# B* &- PoaoMy# b,B , (1957)* d# Mopfcys, M oohm , O ytol, g ,  239»
Okada, a## BaMegel# B, & Bempelmmm# b#H, (1 9 0 ) , BlooMm, M opàye, 
âo ta , |§ #  209,
ûth# à, & Frederic^# B, (1938), BlooMm,, biophye, Aota*- 2g# 281,
ôth# â ,#  Frederloq# 1 , & Eaate# E, (190)*  BlooMm, M ophys, âo ta .
<5?
Parlsêk# #* (1 0 0 )♦  Im fh a  O0I I  Muoloue*. p ,. 82 , El* by M ltoàéll#  J ,B , 
îionâoBf B a tte rw o rth  & Oo.- Iitd*
Parlsîëk# J ,#  ih^leüst# H,-# BienatM er# g , è  Oküâa# J ,  (1958),
Matura# Siomî, 102g 721,
Parmloy# 0,0* â  Hellwig# 0*â, (1946), Aroh* Bm?g* ^ 9  190,
Beteœ# J#P, & %m ^ y te #  B*B, (1946), Q uantitative O llm ibal'-'Ghemiatvy 
g ln te rp re ta tlo n a , v o l, %.§ P art 1* 2nd, E d ition , Londons B a l l l l ^ e #  
Û.1 & Oo%,
P ile rig  A#'# Bedeim#' B## Biu# B*Xi. & Vmiderhaeghe# F . (1939)*■ Arch* in t*  
Physiol* 119*
P lie r i g A*#. leâoŒ g Ij# & Vmdedmeghe# 3» (1957). Bioohim* biophys* âo ta .
513*
P it et# H.O. (1 0 0 ) . Gamer B00» gj># 1262*
H tp t#  H*0*ÿ Pem lm # a## Bottosdey# B#E* è  1d3®Io# E*P* (1 0 3 ) . Gmoer See*
^35*
rnmmmr# f.H* & m ra# O .ll.f» ( I 964) . J# M o l. Gkem* 239.  2530*
Poison# A# (1955)# BiooMm# .Mophys* Aeta# 22# 61*
Pope# A. (1?33>* S â ^ Æ J s a *
Potter# J.Ii.g  liau rlla#  & Itaskowski# II* (1958)* J* Mol* Ghem* g J la 915#
Potter# ?*E* (1956)* Ganoor Res# 60#
Potter# V.%* (1957). Uhiv* lleh ig an  led* B M l. 2g# 401#
Potter# V.m. (1 9 0 )#  fe d . Proe. 3^# 691#
Potter#  F.E . ( 1960)# Baolole Acid O utlines, v o l. 1* M inneapolis: Burgess 
PohlisM ng Go,
Potter#  ¥,B . ( I 964)# Oaacor Eos* IÛ85*
P riv ât do Gariiho# M## Omningham# &## Laurilag- & laskowski# 1 .  {195?)#
J# M ol* Ohem# 22^# 751#
Privet do Garillio# M. à Baskowaki# 1# (1955)* M ol. Chem. 2 1 ,5.3 269#
P riv â t do Garilho# M# 1% iaskowski# 1* ( I 956) . J .  M ol* Ghom* 661#
Eahinovltoh# M. (1959)• Proo# See. esi>. B iol# E.Y. lOg# 8 6 5 *
E ablnovitoh# %.# B rentani#  B## fo r r e lr a #  8## fa m to #  E . & Maaok# f #  ( I 96I )#
J#  Mophys* Mqohem* O ytol.
laM novltcîî# M. & BoM# S.B# (1956). Amor. J* P hysiol. 1 ^ #  525#
Eamaovltüh» 1 . & Bûh'ij S.E» (195T)» Asfch. Bioohea» S39.
Rab&üoviW%; H»t Mtosmasi^ B» & Pauato, H» (1959) * 5 . W)« olin* le d . 
&  5©.
Bafemaas, Y*l. (1 9 0 ) . EaÆîat, le s ,  SO* 741.
S a li, J.ïï**; EoiTblHBj J .  & m eltooisy H* (1950). to n . m.Y. AEGâ. S o i,
§âf 373. ■
S asao ll, W.B. (Ig g l^ . J .  M o l. Chem. 2JS, 3028,
B aszo ll, W.E. (1961b). J .  M o l. OMm. 236. 3031..
K aasells I?.®. (1963). I»  Metlioda In- SngrnnoloCT». vol» 6 , p . 249» M , by 
ColoY/lolc» S .P . & Kaplan 5 ff,0 . Sow Yorks âsademio & eaa la a .
■ Kaaaell» W.E. & Kfaoraûa, H.S. (1959a). J .  M o l, Gtoa, 22^, BlOg.
Eaasells W.B. fis ÏOiortofs» H.G. (igggb). J . M o l. Càciâ, g^à» 8114.
f e s s e l l ï  W.E, è iao E to a»  H.G. (1961). J .  M ol. Choa, g 6 ,  IVA»
Beadi» K.E, (1959). Bioaîiiw* Mophys. Aota. 33, 164*
Eelehmmm» M«l. (1956), J .  pl©'s» Chea. 60, -651»
le id ÿ  E. ( i 960) ,  ï&molEe Sao, B iio o r, g , I 30.
Roidj, B. & liewitï» I ,  (1957) .  B r i t .  'J* Cancoi*» H , 494,
fleid j B, & lo ts»  ff, (1938)* B M t. J .  Canees?» Jg» 419*
Raid» ®, & lodos» J . î '.  (1959). to n . I .Y . Aoaâ. Soi» 81» 6x8.
ao id , B. & Iodes» J . ï .  (1953)* Mature» Lond* 199. 176.
Heid» S , & 8tevens».B.m. (1938) .  Blookem. J .  g8» 36?.
HickaEds, P.M. (19G4) . In P, 5,
# # , %  0ooâwi% K*W# ÿ. îlarrie#  & BarKWÿ# B*B» Xletr, York# 
AoaâeBîlo Frase
Bloiiâ d* à  PaM etti#  G# (1 0 3 )*  la tu re#  tm^m  1 # # 6g?#
R o itt#  î*M»g M n g f  E#R$ à  Bonleohÿ D# (1 9 S4 )* %# 375#
Bommi# a#j# & %pPGâ# &#!,# (1 9 5 9 )# 3 2 3 #
Ëosemberg# 1# è  Bemanhof# S* ( ig S l)#  J* M ol# Okom* 23&  2%g# 
im h f  (19% )* J .  M o l. Qlmm* 208# I 8I .
Roth# (1 9 3 6 a)»  Bioobim. biopfeye# âota# 21# 34#
Eütlî# 1 . 8# (1956b)# ârd?.# Bimhmii* 60» t*
Both# J* 8 . (1 9 5 7 )* Gm oer Roe# 13*: 991# 
im %  J#8* (1 9 5 9 )* &m# mY# âcaâ# Bol» 611#
Eothg J.B# (iggo)# J .  MopIwB* Moohem# O ytol. %, 443#
Both# (1962)# Blooîsteï# Mapliye* Aota# 9D3#
loth# J .8 0  (1 0 3 )# Omoer Bw# gj# 657#
Eoth# J.B# gRaolmurski.# B#. & In g lls#  B. (190a)#  %  M oi# Ghem. 231.# IÛ85. 
Both# Bsohmiirskig, B. & B# (1956b)# biol* Ghein.
Both# ^#.8#g Suîçovaky#. J« à  f io h é l#  ÏÏ.I# ( 1 0 2 )#  B aâiat#  Bee# Mg 2 7 * 
Both# ir.S . & m ohelg H.J# (1958)# R saW # Rom# 173#
Both^ J#8# & Bioholÿ B#J# (1 9 5 9 )# BaBlat# Bes# 3^^ 572#
Hotlig I *8#g Ëiohoig; Maeogi A# » Aipor^ G# Boylg 11*^ 1# (1953)#
ârch# BiocheBU 44-»- 95#
Rothg J#8# % Eiitoa^ 8# (103)# BaBW# Ros# 4^#
Hothg. tî#S#ÿ itigliss,- li# à  Baohmurekig: B# (1957)# %  M ol#  Ghm#
5 9 1 #
Both, J.8*g Bhoiâ, 1# à  M orris, II#P* (1 0 3 ) . Oaiiaer Bas# 2^, 454#
Eüthÿ H ilton , Bm & Morris# H*P*. (19%)# Gancor 'BbBo 24# 2%.#
Both# J*8## Wa^or# M# â  ICotfes# M# (10 4 )#  Haâlat# Bes* 22# 722.
Rotherham# J .  & Solisieicler# W.O. (10O)# BiooMm* blopl^FB. âo ta .
3%#
HuMni# J.E » , OroiiMta# Ë.P## Bond# V.P. & E lleâner# % Iï. ( lf39)*
Froo# Büo. e^p# B io l. I . I .  190* 139#
Euseell# W.G.# Gold# Ëoir.# ÎI.M## Ünura# H#, Watson# B.B# & Wlldy# P# 
(ig%.)# V lrolo#'* 103.
Sontoienni# P. & lothman, S. (1 0 1 ) . J ,  invest# Berm. 489#
Sorimr# W.K* ( ig g l) . Aroh. Bioohem* 32B#
Sarkar# F.îC.# Mukmdcm# H.â* & Bevl# A. (103)*  HatiirOf Lond.
20D.  laog .
Sassowa, J* (1962). Folsici fy g . lek* I 408.
Sato *# Aeano# ÎC. & Ëgasii, P . ( i 960) . lîature# Bond. t85« 0 2 .
Bohaedel, %&*# Waldvogel# Xî.I. & Bahlonk# P. (194*7)# «1* M o l. Ghmié 
m $  3;35*.
■Boheragaf H.A. à  Bupley, J.Â* (1962) . M-Voiiicoa ^sy n o l*  2^# l6 l .
Bohmidtÿ G. g GuMloe# 1.# Eollnor# B.#: Heoht, L ., S trlcM er, 1## 
SeraMarlaîa# E.# Seraidarian# M* à  m am hm sor# B .J. (1951).
J .  M o l. Oliem. 715#
Sühmidt# # . (1955)# lluoleio  Aeids# vol* 1,# p . 555* 'Bi.by
Dhargaff# B* & Davidson# J.E# Hew York: Aoadeiaio ProBs ïno*
Boliaiidt# G# & Baokowskl, M* (1 0 1 ) . In ,fàe Bismies* v o l. 5 , p . 3*
M . %  Boyer# P.B. , Bardy# H. & % ebaok, K. Wew York: âûaâomlü 
Press Ino#
Bolmoider# W.O* & Ilogoboom# 0.H* (1952). J# M o l. Ohem, 195. 161.
Odlmeiâer# W.0*# llogebDom, G*H* Shelton, E. & S trieb io h , M.J. (1933)# 
-üëSxqbz* Eee. 28g*
Bûholmp- G. (1 0 3 )#  Progr# Slop%m« 5 9 *
Soholesÿ G #,/lW a, J.F* & Weâss, J* (1 00 )#  J .  mol# Blol# g , 379#
Saholee, G# & Weies, J .  (1953)# la tu ro , Lond# 1%1, 920*
Sohm#É#g V#E#, Hioharâe,f E»G. & SohàohmEm, (1936)# %# Aaer# ohem# Soo.
m , 4230#
M#îC, êi Bodenoky, 0# (1959)# %oo# Boo# *%%p# Blol# H#¥*
m :  5^0#
Shack, J# (1957)# J# M ol* Ohem# 2g6, 573#
Shah, V*0*. (1 9 6 3 ) .  Ganoer HO0# ^1 3 7 *
S W lm , m# (1 0 3 )#  3ht# J .  red# Blol* %, 537*
Bhlgemîa, H#l^ # dî G liargaff, E# ( i 960)* Bloohlm. Mophys# Acta# 347*
BMmomura, 1* à  Mokowskl, M# (1957)# Bloohim# Mophys* Aota* 26, 1 0 #
Shortman, K# (1 0 1 )*  Blooklm# Mophys# Aota# 37#
Bhortmm, IC# (1962a) # Bloohlm# Mophys* Aota# 88#
Shortmmi, K# (ig62b)# Blooblm* blopbys# Acte# 50#
Shulmmi, 8# & B* (i960)* Ai-m# 1*Y# Ao&d# Soi# 86, 400#
Siabortÿ 0# (1963)* Bip* O eil Eos# Suppl* 9@ P* 389#
B le k e v lts , P# & P alaâo , G*B* (1 0 0 )*  J* bioohem. Gytol#
I :  631*
Siorakowska, H# & Shugar., B# (1963)* Bloohem* biopliiys# le s*  Oomm,
m# 7 0*
s in g e r, m.P#$ m irnoe, 1#J# & Heppel, I,#A. (1958)* Fed# PToo# 3^, 312*
Sinohelmer, E.B# (1955)# J# blol# Ohem. 219# 579*
Bimsheimer# R#D. ê  Koemer» J.F* (195%). S olem e. 114X 42.
Binsheimor, l.B*. & Epernqr,. J#P# (i9S 2). 7* blol.» Ghom* 198» 293*
S la te r , ?•%- (ig g l)#  Bloohem. J» 2 |v  gOp* .
Smith, %W# & M e le te in ,' 8#7# (1 0 5 )* ' Hadiat» Res*. % » 119#- 
Bmyth, E# (1 0 3 ) . I r ia h  J# mod# Bel# 59#
Solomon, 7*B. (1 0 0 )#  Bioohem# J# 278# .
Solomon,' ù*#B# (104)#  la tu re ,. bond* 201» 6l8#
Sottooasa, ##&*, G lass, O#:- â  Bernard^ B. de (X 05)# Radiât# Bee# 2^$ 32# 
SpaoInBon, D.il#, S te in , W»Iî# & Moor©, S» (1960)# d » b iol#  Oh©®# 235» 648#
S tav itskaya, 1 . 1 . (l95 t)*  ^h# B lo l. Khlm#. A bstr. Wo. 23888#
Stoiglodort CI*E# â  Eaab, W.B# ( ig # )*  J# inVost# Derm# 209#
S tern , 1#,. A llfrey , ?#,■. Hiralcy,. â#!#, &’Bkotren, H. (1952)#
a ♦ ^on*
,  îî, & Missl A A  (1953)* J.. gen*: Pîtÿïsioî. J £ , 177 
StsVGiiB, A. & Hllmoe. B .J . (ipôO a). J .  M o l. phem. 233»
0 , A# &à O , Ë. J# S i), J .  M o l. Ofem. S B , 3 ^3 .
Stoveas,- B.M. à  EgM,. 1 . <1955')» Blooboa* J ,  ;®bs 735»
StookeH,; îi*A. (1959)» B adiat. Bes. Snppl. 1» p . 53»
Stoela:» J«» VmiâeaâMGGBoho, ît. & Vaa B ari3sj H» (i9 6 0 ), itoolî. i a t .  
Pi?ystoî. ^ 9  417.
Sfea«1)j F.S.i, Stephaneok» 0 . & âos» G. (1957). BlokMmlim. 22, 118.
Sfeaitsss W» {1956) .  J» Mdplsys. Mochem. P y to î. 2 f  313*
Steaœ309 W. <1957). J .  Mophye. Mochom. G ytol. 933*
S tm p f, P.K. <1%.7). J .  M o l. O te . 1 ^ ,  367*
.9 H. (1963) .  Kyushu J .  meâ. S o l. l i t ,  355,
SuXkoweki $ É# & Dastowalcig- M# (igëS)# ÏÏm M ol# Ohm» -237- 2620*
Sm g, B#-0» & Daskoweki, M# (1 0 2 )»  J» M ol» QMm» gog.
■0i*?lngl.©, -K* à  Ool0 , If» ( I 964)# listoohem» Gytoohem» 12, 442#
Wmmura, S», fafeegi, M*, M iyeW #., M* & %@mi# F# (1959)# 
il* Biochcm, 0olgo. J|6,. 1149».
f a l .  II. & lleo n , D» (1 0 1  )» BlooMm. %:l#î%rs. Acte» 227*
fanM, I* & lab lan ian , E» (196Ô)» J* esp» Med.-111» 351*
fhuioBon, J*F» & M0889 B»n.. (1955)# ProG* Boa* ©%p* B io l. H.I. Og, 23O4
Thomson, E*f», Ifeagy, F»G., Hutohlson, W*G» & Davidson, J.H* (1953.)• 
Bioohm» J» 460*
Tp0#l@y, 0» à  Eoerrj©,- A*G### (1960)» Peth* Baot» 80, 353*
Tunis, M» & leg sleo n , W» (1963')* »6roh. Bioohem# 101» 448*
Turner, â*F» & Miorana, H*G» (1939)* J* Amer* ohem» 800# 4S5I .
T», faîcahashif T», WakUj. IC# ^  Hoshino, 0# ( I 964)*
J# Bioohem*, Toïgo# 293»
ÏHcita, T» & WakUf K* ( I964)* J# Bioohem*, Tokyo# 420*
îlsawa, T . (1932)* J* Bioohem,, Tokyo, 19*
Vanclendriesaohe, h* ( I956)# Areh* Biüûhem* £ 5, 347*
Vaneoko, 8# & Baskowski,. M# (ig 6 l)»  J# Mol* Ohem* 236,  3312*
faîieoto , B* & haskowsfei, 1* (1962)* Bioohlm# Mophys* Aota» §X^ %7*
V m d rely , B*. (1955)* tu  The HiiGleio  A aids, vol* S , p.* 155* fd* %  
Ghargaffÿ E# & D avidson, J*E . î t o  fo rks Aoademlo P re ss  tn o*
V ille la , (l#0»g Ateeu, L#â# & Abreu, H*R* (%962)# Proo* Soo* Biol<
M * m #  737*
Von d er Ê eo te i, A# à  llu ltin , T. (1959)* '^^ P* G ell Ees# 32t I 88# 
h*y H arrison9 0#V*, êluoksmcmn, A. é  Cherry, C*P# (1964)*
* 1673#
A lliso n , Ohu, D* & G roeslay, M*l# (102)*
ProQ* Bog* escp» Biol* H*Y# 111% 708*
Waravclekar, ?*0*g Peradis, iwB* 6  Belter, J* (1 9 5 5 )* % la t*  Oanoer Inst*
99# . .
Warburg, 0 .  (1956a)* B a iw e , Ig l#  309.
ViBSfbiwgp 0 * (1956b)» Boience, 26g#
fatTOny^O* & Blelmsnm?, W*A* (1953)- A tlas of Tumor Patholomr* v o l. 4@ 
Fasoîol© 14* toaed Fovase iH G tltuto o f Patholo®?8 WashlEgton*
WatBoHj J.D , & Cricks E’.Iî.G . (1953) .  latusG , Lonâ, 737.
WelahousQj S» (1955). Mveaoss Omnsv K©s. J;, 26%
Weymouth, P .P . (1958). E ad iat. Res. S, 307.
W hite, P.m. & to f ia e 0n,-O .B . (1959). Am. îT.ï,- Acaâ» Soi. B y  515.
White, I..P . .(1958) .  to n . ÎÎ.1 . Acad, Sol. 2S , 349. ■
W tterg, J.S» (1958) . Arch. BioohsB. 337»
W illiams,. Suwgs S*~C. Ss ïiaélîowski, M. ( I96I ) . J .  M o l. Chem.
836. 1130.
W illiamsj J .F . J.W, (1963) .  la tu re , Bond. 2% , 779»
WitaeX, H. (1963). In  '^ o^* 2 , p . 221.
Id* by Bavidsûiîf J.H* & Gohn, W*B. Hew York: Academia P rese Ima.
Witselg II# & Barna.^, B*A* (102a)B loohem # Mopfoys* Eee* Comm* %, 289*
W itsel, 1* & Barnard, ®*A* (102b)* Bioahem. Mopbya# Rea* Goim* %, 295*
Wojmr, E*d* & Both, j*8* (1964)* Bloobim* biophys* Aota* 17#
Wormaer, 1*H* & Pardee, â*B* (1957 ), Virology* 7 6 *
WroblOTski, F* & Bodaiioky, 0 . (1950). Broo* Boo* msp* Biol* H#T*
?l% G* & Bauer, <J*M* - (1965)* Oanaer Rea* 2^,. 9%*
Wyatt, C.R.- (1955)# In fha to l s i o  AoAte. vol.# 1 , g* 243* M . by
Ghargaff, B# & DavMsoh, Ifew Yorks Aoatlmio P ress Inci^
ïa g i ,  K# & lamwiKQ, Ï .  (1956)# 0#H# S004 B iol#, î-arie# 1 ^ ,  1375# 
SalKS, E.K. (1959)4 îîatîM?©, Lonê# 1324#
S a lite , S.H# & Roth, J.B* (I964)# Ai’oh* Bioohem# ïg^»
H*ÿ T appeî, A#L#, Dosai,- I# , GaMwoll, K, à  Potorson, 5.W* 
(10 0 )»  I% # Proo* g o , 303*
^Igman, B. & m ilso il, (1959)# Ganoer ResV Ig , 1105#
%dmq @ M* (1959)*- H&tiwa# bond# I 8 4 » I 6 4 I#
2*ytko, J# & Oanfero, A$ (103 )#  Oahed# J# Bloohem# 2351»
% tk o , J#g hamimmde, G# do# A llard , 0# & Gantero, A* (1958)# 
Bioûhia» biapl'jya# Acta* 2%, 495-
m m :
Gatolioside, B»G. & Holmes, B. (1947) • ^rmposia Soo» oxp» M ol» S25 
Itom ickj I.»B* (1950) .  Arch* Bioohem* 4I*
Haver, m.E. & Greco, A»E. (1949)• d» Mol* Ghem* 181» 853, SSl*
